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SPATIAL ANALYSIS OF ORGANIC CARBON AND NITROGEN 
SEDIMENTATION IN FOUR NORTHERN MISSOURI RESERVOIRS: 
IMPLICATIONS FOR OPTIMAL SAMPLING 
 
Brady A. Pittman 
Dr. John R. Jones, Thesis Supervisor 
ABSTRACT 
 
 
 
 Recent research suggests that the rate of sediment carbon storage of small 
agricultural impoundments alone may be of the same order-of-magnitude as that of the 
world’s oceans.  This estimate, and the fact that reservoirs continue to steadily increase in 
number, affirm the possibility that the role of such waters in the carbon budget has not 
received adequate attention.  However, scaling up the impact of these small size-class (≤ 
1 km
2
) reservoirs requires reliable estimates of OC burial rates in individual water bodies.  
Accomplishing this necessitates understanding the nature of spatial distribution of 
organic carbon (OC) sedimentation.  This study used approximately 30-40 sediment cores 
per reservoir (n=4), collected in a uniform random distribution; an average of 2.7 samples 
per hectare.  Sediment OC values ranged from 0.7 to 7.9% by dry weight in the four 
reservoirs, and sediment nitrogen (N) from 0.08 to 0.88% (n =136).  Universal kriging 
analysis was performed using the samples from the surfical (top 5 cm) sediment using 
ArcGIS’s Geostatistical Analyst.  Analysis revealed a gradient of increasing sediment OC 
and N concentrations from in-flow to dam.  A similar analysis of OC/N ratios in the 
surficial sediment showed in the majority of cases that the influence of allochthonous 
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inputs became less important the further the sample location was from primary and 
secondary inflows.  Furthermore, the analysis showed that the majority of the predicted 
sediment surface area had a ratio of less than 10, signaling significant autochonous 
influence. 
   Kriging analyses were used to inform the process of determining optimal 
sampling techniques.  Two approaches were defined that, in the vast majority of cases, 
delivered values with a percent error relative to the median of less than 9% with a single 
sample.  If only one sample can be collected, the Center-Point Approach should be used.  
However, in irregularly-shaped impoundment, a hybrid version of the singe sample 
approaches from this study may be more effective.  The single sample should be 
collected along the longitudinal center-line of the reservoir and at the average (mean) 
depth as calculated on a volume/area basis.   
A multi-sample approach offers the benefit of including some measure of error 
associated with results.  When stratified sampling was attempted, it was found 
unwarranted because the sum of individual stratum standard deviations for OC 
concentration data were not less than the total sample standard deviation in any 
impoundment.  It is therefore recommended that a researcher use ArcGIS or similar tool 
to select points using a Simple Random Sampling scheme from the surface area of the 
reservoir.  In similar small-sized reservoirs, about 10 samples per reservoir or an average 
of 0.8 samples per hectare should be taken.  In this study, error from sampling with this 
density when combined with analytical error in calculating sediment OC concentration 
was around 33%.  The methodologies addressed in this study improve upon accuracy 
estimates from previous studies where OC burial rates were measured, some of which 
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included no accuracy estimates at all.  This study, therefore, advances the first step 
toward accurate global calculations, which is to accurately calculate OC burial in 
individual water-bodies. 
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INTRODUCTION 
 
 
 
Growing evidence suggests anthropogenic disturbance in Earth’s global carbon 
cycle during the industrial era may be responsible for current climate change (King et al., 
2007).  Humans have been burning fossil fuels and harvesting tropical rainforest at an 
alarming rate for decades.  The period between 1990 and 1997 marked the annual 
deforestation of about 6 million hectares of humid tropical forest (Achard et al., 2002).  
Since the advent of the industrial revolution, the combustion of both fossil fuels and 
woody vegetation has released tremendous amounts of carbon dioxide into the 
atmosphere.  From the period 1751 to 2003, about 300 Gt of carbon was emitted due to 
fossil fuel combustion, with additional carbon added from land use change (primarily 
deforestation) from 1850 to 2003 (King et al., 2007).  According to the Intergovernmental 
Panel on Climate Change (IPCC), carbon dioxide is the ―largest single forcing agent of 
climate change‖ (King et al., 2007).  Carbon dioxide, along with other greenhouse gases, 
traps heat energy.  If greenhouse gas levels are elevated, the resultant warming trend may 
elevate ocean levels, modify vegetative patterns, and alter precipitation patterns.  
Alteration of the hydrologic cycle and a warming trend would result in water resource 
issues such as a change in the timing, extent, and location of water demands, availability, 
quality, and dangers posed by such changes (Dingman, 2002).   
A necessary step in dealing with global climate change is an evaluation of the 
carbon budget, which should take into account all carbon reservoirs.  Reservoirs in the 
carbon budget include the atmosphere, terrestrial vegetation, soils, freshwater lakes and 
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rivers, the ocean, and geological sediments.  If a reservoir outputs more carbon than it 
retains, it is termed a ―source,‖ the opposite is a ―sink‖ (King et al., 2007).  Because the 
carbon budget is imbalanced, and there is an abundance of carbon dioxide in the 
atmosphere, it is important to determine the magnitude of other sources and sinks to 
provide a basis for understanding and response.  There are ways to approach the 
imbalance.  For example, decrease carbon output by burning less fossil fuel.  Another is 
to enhance ―sinks.‖  This second approach may include planting trees or providing 
aquatic systems with limiting nutrients for primary producers.  The beginning step of this 
latter approach is to identify sinks and attempt to estimate the magnitude of carbon 
sequestration occurring in them (King et al., 2007).   
Cole et al. (2007) suggested that lakes and impoundments are increasingly viewed 
as more than just passive ―conduits‖ for carbon transport.  Enough is known about the 
potential importance of these water bodies in the carbon budget to justify further 
investigation.  This research aims to better optimize sampling methods for such 
estimations in freshwater habitats—specifically in lakes and impoundments.  Over 1.8 
million km
2
 of the earth’s continental land surface is covered by small (≤ 1 km2) lakes, 
ponds, or impoundments (Downing et al., 2006). 
Impoundments have generated special interest because they are man-made 
structures (Downing et al., 2008).  Data suggest that organic carbon burial in the 
sediments of small agricultural impoundments (around 150 to 220 Tg C a
-1
) is similar to 
the rate of storage in sediments of the world’s oceans (120 to 240 Tg C a-1; Downing et 
al., 2008).  Estimates of global sediment organic carbon storage only take into account 
large size-class impoundments.  Specifically absent from consideration are the numerous 
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agricultural impoundments of the type the Downing et al. (2008) study demonstrated as 
particularly active carbon sequestration sites due to sediment storage.  Even ―farm ponds‖ 
and other small water bodies in the size range of hundreds to thousands of square meters 
have implications for the global carbon budget, especially because their numbers are 
growing (Smith et al., 2002). 
The overall role of impoundments in the global carbon budget, however, is not 
easily determined and varies with watershed and impoundment characteristics.  Whether 
impoundments are net sources or sinks of carbon depends on factors such as the amount 
of primary productivity, respiration, amount of organic matter coming from the 
watershed (allochthonous matter), and its sedimentation rate (Hanson et al., 2004).   
Investigations aimed at making a broader account of global sediment carbon 
would be facilitated by the creation of accepted protocols for determining overall 
sediment organic carbon (OC) content values for individual impoundments.  Such 
determinations are key for calculation of the carbon accumulation rate (CAR; g OC m
-2 
yr
-1
) of an impoundment, which is necessary if extrapolations for the carbon budget are to 
be made.   
This study addresses clarification of procedures involved when accounting for 
sediment carbon in impoundments—both its content and spatial distribution.  Analyzing 
the concentration and spatial distribution of organic carbon in lake sediments using high 
density sampling will help researchers better understand how sampling efficiency can be 
maximized.  Simply put, insight into where to collect samples, and the number needed to 
calculate a representative average will be evaluated with an intense sampling of sediment 
carbon.   
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To accomplish this goal, four small impoundments in the agricultural, glacial 
plains region of northern Missouri (Jones et al. 2008b) were selected and extensively 
sampled (1.6-6.0 samples per hectare).  Extensive sampling produces a dataset ideally 
suited to determine the spatial distribution of sediment organic carbon and nitrogen 
concentrations through universal kriging techniques (Clark and Harper, 2002).  The 
product of kriging techniques, in turn, provides a basis for optimal sampling efficiency.  
Optimized sampling methodology is needed to assess sequestration of carbon in small 
size-class impoundments and better determine their role in the global carbon budget.   
The four study impoundments differed in terms of trophic state, land use in the 
catchment, and volatile and non-volatile suspended solids (VSS and NVSS) and were 
selected to represent the range of variability in the region (Jones et al. 2008b).  This range 
of conditions allowed for a ranking of variables against the sediment organic carbon and 
nitrogen concentrations in each impoundment.  Rankings provided a tentative basis for 
describing how additional variables might influence sediment OC and N.  The study also 
provides basic information on the regional values of organic carbon and nitrogen 
concentrations and sedimentation rates in small impoundments.  Lastly, investigating 
Organic Carbon:Nitrogen ratios (OC:N ratios; the ratio of sediment organic carbon to 
sediment nitrogen, Meyers and Ishiwatari, 1993) will be valuable in determining the 
implications of these impoundments as autochthonous carbon sinks (low OC/N ratios) or 
terrestrial carbon sinks (higher OC/N ratios). 
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The Primary Objectives: 
 
1) To quantify, with high resolution sampling (30-40 cores per impoundment), 
the concentration and spatial distribution of sediment organic carbon (OC) 
and nitrogen in 4 small northern Missouri impoundments of varying trophic 
state. 
 
2) To determine the relative contributions of autochthonous and allochthonous 
sources to sediment organic carbon using OC/N ratios.  
 
3) To evaluate sampling effort and location required for estimation of 
representative overall sediment organic carbon and nitrogen values (both 
single and multi-sample approaches) in small impoundments located in plains 
regions. 
 
4) To estimate overall OC sedimentation and sedimentation rates in each of the 
study impoundments. 
 
Objective 1 aids in the determination of sampling requirements for Objective 3.  
Objective 2 will be helpful in showing whether the majority of sediment organic carbon 
comes from watershed or in lake, primary producer sources.  The metrics used in 
Objective 4 are those used to make calculations regarding the carbon budget.  
Secondary Objectives: 
 
Secondary objectives are as follows: 
5) To evaluate how sediment OC and nitrogen values rank by general metrics 
including lake trophic state, watershed land use, and in-lake volatile 
suspended solid (VSS) and non-volatile suspended solid (NVSS) 
concentrations. 
 
6) To test for near-spatial variation by evaluating the similarity of the sediment 
OC and nitrogen concentrations in 3 clustered, ―replicate‖ cores for each 
impoundment.  
 
Knowledge gained from ranks and comparisons in Objective 5 provides information that 
will prove useful for future studies.  Objective 6 helps to verify the repeatability of 
sample values at a given location.  It is worth mentioning up front that this is a pilot study 
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to identify how best to sample OC and N in impoundments of this type.  Findings may 
potentially be scaled-up to a statewide inventory consistent with trophic state (Jones et al. 
2008b). 
 
Review of the Literature 
 
 
Mulholland and Elwood (1982) suggested that additional impoundments will be 
constructed for water supply, flood control, and hydro-electric power as the cost of fossil 
fuels increase and climate changes are brought about by CO2-induced global warming.  
They also stated the role of impoundment sediment as organic carbon sinks will become 
more important with additional construction. Whether this is true remains to be seen and 
this review will focus on carbon sedimentation in impoundments, although other 
important topics, including methodology from previous studies, will be addressed.      
A study of 58 small impoundments across the contiguous U.S. showed great 
variability in carbon content and carbon accumulation rates (CAR; a range of 0.3 to 5.6% 
carbon content and a range of 26 to 3700 gC m
-2
yr
-1
 CAR, Ritchie, 1989).  In the study, 
lakes were grouped within the different geographical, physical, and cultivated versus 
non-cultivated clusters.  Data were also grouped according to watershed and 
impoundment characteristics including cultivated versus non-cultivated; ―wet‖ versus 
―dry‖ impoundment; watershed size; impoundment size; vegetation type, and other 
factors.  The study found significantly (p ≤ 0.05) higher amounts of carbon in the 
sediments of impoundments with grassland watersheds than those with desert or forest 
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watersheds.  Also, impoundments west of 90 degrees longitude in this dataset had larger 
CAR (mean 784 gC m
-2
yr
-1
) than those of the east (mean 365 gC m
-2
yr
-1
) .  CAR (in gC 
m
-2
yr
-1
) was determined by the following equation:   
 
                      CAR = C * SAR * BD * 10
4
                                                   (Eq. 1); 
 
where C = carbon content in g/g; Sediment Accumulation Rate (SAR) is in cm/yr; and 
Bulk Density (BD) is in g/cm
3
.  In the Ritchie (1989) study, CARs was more strongly 
related to sediment accumulation rates than sediment carbon content.  That study 
concluded that individual watershed and impoundment characteristics provided more 
meaningful relations to carbon burial and sediment accumulation rates than did regional 
or cultural patterns or characteristics.   
 Compared with natural lakes, impoundments have high watershed area to water 
surface area ratios (Mulholland and Elwood 1982).  They also have high nutrient inputs 
with water residence times typically intermediate between those of rivers and large lakes.  
This allows for sedimentation of allochthonous inputs while also permitting 
autochthonous production that can result in high rates of sediment carbon accumulation 
(Figure 1).  Organic carbon concentration in lake sediments is generally higher than in 
impoundment sediments, but the average sedimentation rate in impoundments is 
considerably higher (meaning they possess higher bulk-sediment mass accumulation rates 
(MAR)).  Consequently, impoundments generally have higher total organic carbon 
MARs (Dean and Gorham, 1998). 
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Figure 1.  Hypothesized relationship between organic carbon accumulation rates in sediments and water 
residence time in aquatic ecosystems (from Mulholland and Elwood, 1982). 
 
 
 Downing et al. (2008) found that, whether from outside the water body 
(allochthonous) or within (autochthonous), the dominant source of organic carbon is 
primary production.  Much earlier, Hyne (1978) cited two important factors which help 
determine the quantity of organic matter in sediments (and thus organic carbon).  These 
are the input of organic matter into the basin (the allochthonous input) and the detrital 
sedimentation rate.  With high sedimentation rates, organic matter is presumably diluted 
by being mixed with inorganic sediments (Hyne 1978).  Alternatively, low sedimentation 
rates permit oxidation of organic matter, as it settles out at the sediment-water boundary. 
There is limited knowledge about how allochthonous and autochthonous sources 
contribute to organic carbon sedimentation or how managers can estimate how individual 
sources contribute (Mulholland and Elwood, 1982).  Some researchers have, nonetheless, 
attempted to do so.  Hyne (1978) analyzed carbon/nitrogen ratio of lake sediment samples 
and inferred that autochthonous organic matter in lake water averages 12C:1N while 
allochthonous organic matter averages 45-50C/1N.  Two impoundments were observed 
in the study; one with river inflow (Lake Texoma), and one without (Fort Gibson 
Reservoir).  Hyne concluded that differences in C/N ratio observed in sediments were 
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likely caused by the nature of organic matter inputs (allochthonous versus autochthonous) 
instead of differences in organic matter degradation within the impoundments.  The river 
delta deposits of Lake Texoma contained high concentrations of woody, lignin-rich plant 
material.  This material should elevate C/N ratios (Hyne 1978).  Lower sedimentation 
rates of inorganic material were likely the cause of the higher carbon content of Fort 
Gibson sediments (1.2%C versus Texoma’s 1.0%C, Hyne 1978).  Also, with smaller 
amounts of both inorganic and organic detritus, Hyne suspected autochthonous matter 
was more important in determining the composition of Fort Gibson’s sedimentary 
organic carbon content which also contributed to lower C/N ratios in Fort Gibson 
sediments (Figure 2). 
 
 
 
C/N Ratios 
 
Figure 2.  C/N ratios in Fort Gibson Reservoir and Lake Texoma (from Hyne, 1978). 
 
 
Stable carbon isotopes have been used to elucidate the origin of organic matter.  
Atmospheric carbon dioxide has high C
13
:C
12
 ratios in relation to the aqueous carbon 
dioxide produced from land-derived (terrigenous) carbon (Schindler et al., 1997).  
Schelske and Hodell (1995) assumed the carbon isotopic ratio is enriched with primary 
production and depleted as production falls.  Isotopic composition of sedimentary organic 
carbon was therefore used as a surrogate for lake productivity.  Schindler et al. (1997) 
10 
 
observed in-lake drawdown of atmospheric carbon dioxide.  When algal growth is 
supported by atmospheric CO2, it leads to relatively high 
13
C values.  Net C flux out of 
lakes increased terrigenous carbon’s contribution to the growth of aquatic biota.  Prior to 
nutrient enrichment, all lakes were net C sources to the atmosphere; post-enrichment, 
they were either approximately in equilibrium or net sinks (Schindler 1997).   
Another confounding factor in using the C/N ratio to infer organic carbon origins is that 
terrigenous soil carbon coming from the watershed affects the carbon isotope ratio.  
When sedimentary organic carbon has predominantly autochthonous origins, there are 
different implications for the carbon budget than if it mainly originated from erosion of 
watershed soil (Cole et al., 2007).  Ritchie (1989) found a pattern between soil organic 
carbon in the watershed and sedimentary organic carbon (Figure 3).  However, the 
relationship was not strong enough to predict carbon content alone (Ritchie, 1989).   
 
 
 
Figure 3.  Relationship Between Carbon Content of Watershed Soils and Reservoir Sediments (r value of 
0.61) (from Ritchie, 1989). 
 
Trophic state may also influence carbon burial (Hanson et al., 2004).  All other variables 
being identical, eutrophic waters should sediment more organic carbon than less 
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productive systems because the potential to be a net carbon sink is tied to gross primary 
production (Hanson et al., 2004).  In theory, productive systems draw in more carbon 
dioxide for photosynthesis and deposit more carbon after the death of the primary 
producers than less productive systems (Figure 4; Hanson et al., 2004).  Conversely, 
Rowan et al. (1992) suggested that it was a decrease in inorganic sedimentation and 
exposure (lake area) that leads to greater organic content in profundal sediment. 
 
 
Figure 4.  Carbon flux in lakes relative to trophic state.  Carbon loading (input), accumulation in the 
sediment    pool (S), net atmospheric flux (NAF) and output (as labeled in the upper left lake) from four 
lakes representing classical categories of lake trophic status.  Units for values adjacent to arrows are gC m
-
2
LAyr
-1
.  Dissolved organic carbon (DOC) and total phosphorus (TP) concentrations are mean annual 
values.  Numbers below the input arrows are the relative percentages of the different carbon species in the 
input (from Hanson et al., 2004).             
 
  
 
 Downing et al. (2008) addressed important ideas regarding organic carbon burial 
and sedimentation as related to watershed and impoundment characteristics.  The study 
showed that water storage loss and sediment deposition rate varied according to the 
following equation:   
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S = 5682 A
0.3609
 W
0.4155
                           (r
2
 = 0.87, n = 40, p <0.001)                     (Eq. 2); 
 
 
where A is lake area (km
2
), W is the watershed area (km
2
), and S is sediment deposition 
(m
3
 a
-1
).  Also, sediment accumulation rate (w; cm a
-1
), which is determined by sediment 
deposition (S) divided by impoundment area, had a wide range of values (from 0.4 to 
39.4 cm a
-1
), and varied significantly according to the following equation (from Downing 
et al., 2008):   
 
w = 0.594 A
-0.6768
 W
0.3941
 AW
0.1035
          (r
2
 = 0.60, n = 40, p < 0.001)                    (Eq. 3). 
 
 
Impoundment area had the greatest influence on sediment accumulation rate, showing an 
inversely proportional relationship (Figure 5). 
 
 
Figure 5.  Relationship between sediment accumulation rate and the area of impoundments.  Dashed line is 
the fitted least squares regression r
2
 = 0.30, n = 40, p = 0.003  (from Downing et al., 2008). 
 
 
 
Sediment deposition (S) increased as impoundment area and watershed size 
increased.  According to Equation 2, approximately a ten-fold increase in impoundment 
size equates to a doubling of total sediment burial.  Downing et al. (2008) reported that 
their study agreed with Smith et al. (2002) that the largest burial of erosion material per 
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unit area occurred in small impoundments.  Observing that the exponent expressing the 
effect of watershed size in equations (2) and (3) is less than 1, the authors suggested that 
large watersheds transport smaller quantities of materials per unit area than smaller ones.   
A greater diversity of terrain is likely to exist in a larger watershed, and this 
variability will affect sediment delivery mechanisms.  Downing et al. (2008) focused on 
agricultural impoundments and concluded that agricultural sediment and erosional 
material delivery may have been held up by sequestration in wetlands, bottomlands, 
and/or water bodies that are transitional (between upstream and downstream) before 
being transferred downstream.  The connection between watershed size and sediment 
delivery differs regionally with topography and geomorphic history (Renwick 1996).  
The relationship is thought to arise due to low slope, low channel gradients, greater 
opportunities for deposition, losses in transport, and the increased chance that, in the case 
of a large watershed, runoff begins in an area smaller than the entire watershed.  For 
reasons not yet clearly understood, however, small impoundments tend to accumulate a 
considerably greater volume of sediment per unit area and time than their larger 
counterparts (Downing et al. 2008). 
 Downing et al. (2008) also found organic carbon concentrations were greatest in 
sediments of impoundments with small ratios of watershed to lake area (Figure 6).  The 
inference is that OC burial in the small, eutrophic impoundments like those from 
Downing’s study may be accounted for by both allochthonous inputs from terrestrial soil 
as well as autochthonous carbon fixation of primary producers driven by high nutrients.  
Downing et al. (2008) approximated organic carbon values by the loss on ignition (LOI) 
method.  The assumption, however, regarding the OC to LOI ratio could lead to possible 
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errors in estimation of sediment organic carbon burial of +45% to -30%.  A key 
observation from the study was that high estimates of carbon burial are primarily the 
result of high rates of deposition of high density sediments containing considerable 
amounts of organic matter. 
 
 
Figure 6.  Relationship between sediment LOI and the watershed:lake area ratio.  Dashed line is the fitted 
least squares semilog linear regression (r
2
 = 0.60, n = 16, p < 0.0005; from Downing et al., 2008). 
 
 
 
 Much of the existing research on organic carbon burial in lake and impoundment 
sediments is cited in this literature review.  One approach not specifically addressed was 
the use of kriging analysis to determine how sediment variables are spatially distributed.  
No study of sediment organic carbon used such a high spatial sampling density (30-40 
cores per impoundment) in small impoundments, as was done in this study.  Lack of 
sufficient sampling density is one probable reason why a kriging analysis has not been 
performed previously for a freshwater ecosystem.  Such intensive sampling is impractical 
for regional assessments.  For instance, the work of Downing et al. (2008) was based on 1 
sample per 40 hectares, Ritchie (1989) on 1 sample per 70-100 hectares, and Vanni et al. 
(2010) on 1 sample per 30 hectares, compared with 2.7 samples per hectare in this study.  
The higher sampling resolution in this study will allow for the quantification of spatial 
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patterns and estimation of sampling requirements at a known level of confidence.  An 
important aim is to identify the specific locations within impoundments where samples 
could be collected to optimize the estimation of the mean sediment organic carbon 
concentration.  This research will not only advance these aims, it will also provide OC 
burial rate estimates for four impoundments in the agricultural Midwest.         
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Study Sites: 
 
 
 
All four study impoundments were located in the glacial plains region of 
Missouri.  Two impoundments, Jamesport Community Lake and Worth County 
Community Lake, are in the northwestern portion of the glacial plains and are both 
managed by the Missouri Department of Conservation (MDC).  Lick Creek Lake is 
located in Lick Creek Conservation area approximately 9 miles north of Columbia, and is 
managed by MDC.  The fourth impoundment, Fayette New City Lake, is city owned 
(hereafter referred to as Fayette Lake).  The study impoundments were selected for their 
relative similarities in morphology, surface area, flushing rate (the highest value being 
only 35% greater than the lowest, with all flushing rates less than once per year), and 
similar age (Table 1).  Impoundments with disparate trophic status and watershed land-
cover were selected in order to compare and contrast the relationships between these 
features and sediment characteristics.  Total phosphorus values vary by a range of 6-fold, 
chlorophyll by greater than 20 times, total nitrogen by nearly 4 times, and VSS by 10-
fold (Table 1).  Nutrient and suspended solids information was from averages of summer 
samplings (Jones et al. 2008b).   
Cropland accounts for <15% of watershed land use; forest cover from 4-73%; 
grassland from 12-71%.  Median slope in the watershed varied from 9.0% for Worth 
County Lake, to 15.4% for Lick Creek Lake, with Jamesport and Fayette Lakes in 
between at 10.0% and 10.8%, respectively.  The soil association and ecological 
subsection for Fayette and Lick Creek Lakes was Lindley-Kiswick-Goss; while for 
Jamesport and Worth County Lakes they were Gara-Armstrong-Pershing and Lamoni-
Shelby-Adair, respectively. (Nigh and Schroeder, 2002).  Aerial photographs of the study 
impoundments were taken from Google Earth (Figure 7).   
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Reservoir  
Name 
Impound
-ment 
Area 
(m
2
) 
Catch- 
ment 
Area (m
2
) 
Capacity 
(m
3
) 
Watershed Land Use 
(percent) 
P (μg/ 
L) 
N  
(ml/L) 
Chl 
(μg /L) 
NVSS VSS 
Flush-
ing 
Rate 
(Lake 
Volume/
yr) 
CA:L
A 
CA:LV 
Forest 
Crop 
land 
Grass 
land 
Lick Creek 
(1963) 
52, 609 526,091 187,489 72.7 0 12.3 20 0.594 5.7 0.50 1.8 0.6 10 2.8 
 
Fayette 
(1961) 
 
242,811 5,082,851 
 
 
1,086,068 45 4.7 42.1 44 0.775 17 4.29 4.1 0.8 21 4.7 
Worth 
County 
(1957) 
80,937 930,776 329,802 3.7 14.9 70.7 65 1.268 35.7 2.73 6.7 0.6 11.5 2.8 
Jamesport 
(1963) 
121,405 1,199,695 202,200 26 3.8 49.5 146 2.09 140 2.47 
 
17.1 
 
0.8 9.9 5.9 
Table 1.  Various study impoundment and watershed characteristics.  CA:LA= Catchment Area : Lake Area; CA:LV= Catchment Area : Lake Volume; 
NVSS= Non-Volatile Suspended Solids in mg/L; VSS = Volatile Suspended Solids in mg/L.  From Jones et al. 2008b. 
 
1
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Figure 7.  Aerial photographs of impoundments:  A)  Fayette Lake, B) Jamesport Community Lake, C) 
Lick Creek Lake, and D) Worth County Community Lake (Impoundments are not shown to scale.) 
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MATERIALS AND METHODS 
 
 
 
Calculations of accumulation rates of organic carbon in sediment, require 
measurements of sediment dry bulk density (DBD), a good chronology (i.e. sediment 
accumulation per unit time), and determinations of sediment organic carbon 
concentrations (Dean and Gorham, 1998).  Organic carbon concentration was measured 
using a LECO CHN-2000 analyzer which operates on the basis that carbon dioxide 
released from a known dry mass of sediment during combustion at 950ºC and in a vessel 
mixed with O2, measured using an infrared detector, and converted to percent mass for 
the sample.  Organic nitrogen was processed by the analyzer in a similar fashion, but was 
detected using a thermal conductivity cell.  These estimates can be used to calculate 
organic carbon to nitrogen ratios. 
A common approach for estimating the chronology of sediment accumulation is 
to conduct consecutive bathymetric surveys over time (Downing et al. 2008).  Such 
surveys require knowledge of the topographic layout of the lake bottom at some initial 
time point.  A researcher then measures topographic change at subsequent time intervals.  
The topographic change is then used to estimate sedimentation.  Bathymetric surveys, 
however, were not available for the 4 Missouri study impoundments.  Alternatively, the 
Soft Sediment Thickness Technique (SSTT) was adapted from Brenner et al. (1999) to 
estimate sedimentation.  The SSTT involved connecting 4 approximately 2.5 meter long 
electrical conduit pipes, marking off length in 5 cm intervals with black electrical tape, 
and then using a paint marker to mark every 10 cm by writing the increment on the tape.  
An end cap was fitted to the bottom conduit segment (beginning with 0 centimeters) to 
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prevent mud from filling the conduit and prohibiting consistency of measurement.  
Plastic ―furniture tips‖ worked nicely for this purpose.  In the field an estimate of water 
depth was made at each sampling location with an electronic depth finder and by 
lowering a Secchi disk until the tension in the rope fixing the disk released (indicating the 
sediment had been reached) and recording the depth.  Based on water depth, the conduit 
was assembled to provide enough length to penetrate the sediment to where the soft 
sediment ends.  A rope was attached to the connected electrical conduit’s first segment 
below the bush fitting about 2 cm using the knot illustrated in Figure 8.  One person held 
the safety rope while the other person lowered the capped end of the conduit to the 
sediment surface.  Then, the conduit was gently pushed into the sediment while 
maintaining its vertical alignment.  When the conduit could be forced no further, the 
length at the water surface was recorded and subtracted from the water depth to 
determine the Soft Sediment Thickness (SST).   Dividing SST by years since reservoir 
impoundment provides an estimate of the sedimentation rate (cm/yr). 
  
 
Figure 8.  Conduit safety-rope tie-off knot. 
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Sampling Rationale: 
 
 To comprehensively describe sediment characteristics spatially and temporally 
(with depth) the sampling scheme was designed to provide data necessary for kriging 
(Clark and Harper, 2002).  To achieve this, a dense sampling design was replicated across 
the 4 study impoundments with 30 to 40 sample core locations in each.  The 
impoundments were pre-gridded using Google Earth with tentative sample points that 
served as GPS waypoints to navigate to an approximate location.  At each location, one 
core of greatest possible length (greater than 20 cm where possible) was collected.  
Actual GPS locations were stored on a Trimble GPS unit.   
The variogram software in ArcGIS 9.3’s geostatistical wizard produced a semi-
variogram graph, which is simply a depiction of the relationship between sample values 
when plotted against the distance between their positions (Clark and Harper 2000).  This 
study’s sample gridding structure generally consisted of two longitudinal parallels, each 
extending from in-flow to dam, with at least two transects which cut across the reservoir 
laterally (perpendicular to the longitudinal parallels).  This allowed for semi-variogram 
and kriging analysis to provide a way to estimate organic carbon and nitrogen sediment 
values even at unsampled impoundment basin locations in both the longitudinal and 
lateral directions.  Using the kriging function of spatial analyst in ArcView also generates 
descriptive statistics such as the maximum, minimum and average sediment values for 
the different variables. 
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Gridding Lakes for Sampling and Variogram/Kriging Analysis: 
 
1) The length of each lake was measured using the Ruler function in Google Earth.   
2) The length was then divided by a factor of 9, to create 9 segments and ten sample 
points along the length (the actual number varies with lake area/morphometry). 
One longitudinal line was constructed using the Ruler-Path function in Google 
Earth, leaving enough room for a parallel sampling line to run along side it.  Care 
was taken to make each of the segments the same length.  Next the Add 
Placemark feature (push-pin icon) was used to add and label points. 
3) The first path was then cleared, and a parallel line added, making sure that these 
lines were placed a reasonable distance from the bank (See Figure 9).  
―Placemarks‖ were added and labeled as in ―step 2‖. 
4) Then, two parallel transects (perpendicular to the lengthwise lines) were added.  
The segments between one transect were not necessarily equidistant.  Where 
possible, the segments in the same transect were kept equidistant, though this was 
difficult to do because of constraints imposed by the distance between the 
lengthwise parallels.  Though it would have been ideal to essentially divide the 
lake into thirds with transects, where this was not done, it was due to efforts to 
minimize the potentially biasing effects of secondary in-flows such as placing the 
transects up-reservoir of those in-flows. 
 
 
Figure 9.  Jamesport Community Lake gridded for sampling and eventual variogram/kriging analysis. 
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Using the Sediment Corer: 
 
 The sediment corer used in this study was a modified Kajak-Brinkhurst (K-B) 
Corer (modified to fit a 2.5‖ inner diameter, 70 cm. long tube).  The K-B Corer is a cable-
suspended, gravity corer manufactured by Wildco®.  Penetration into the sediment is 
achieved by a free-fall drop from 1 to 1.5 meters above the sediment surface.  It requires 
two people for operation.  The following is the general operating procedure:   
1) Insert core tube into K-B Corer, retain metal messenger in the boat, and set rubber 
plunger. 
2) One person holds the metal messenger and feeds the other person with gloves the 
corer cable until the sediment surface is reached. 
3) Pull corer back up from the sediment surface 1-1.5 meters.  Make sure the corer is 
vertical and allow it to free-fall into the sediment.  Retain the cable during the 
drop to prevent the corer from falling over on its side. 
4) Send the metal messenger down cable to trigger the plunger and once it is 
triggered, pull the corer from the sediment. 
5) Allow the corer to hang below the water’s surface, use the stopper installer (see 
Appendix 5) with inserted magnetic stopper (Appendix 5) to insert the stopper 
while the corer still remains under water to prevent loss of core material. 
6) Once the stopper is set, pull the corer up and extrude the core with a capped PVC 
pipe. 
 
 
Core sampling was conducted over a period of 13 months in the summer and fall of 
2009 and summer of 2010.  Core sampling dates for Fayette Lake (Peters) were 6/22/09, 
6/30/09, 7/6/09, 7/15/09, and *10/7/09.  Core sampling dates for Jamesport Community 
Lake were 7/27/09, 7/31/09, 8/6/09, and *7/22/10.  Core sampling dates for Worth 
County Community Lake were 8/12/09, 8/25/09, *9/8/09, and 7/16/10.  For Lick Creek 
(Monte Gurwit) Lake, core sampling dates were as follows:  9/16/09, *9/23/09, and 
9/30/09. 
*Denotes days on which replicate cores were taken. 
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Dry Bulk Density Determination: 
 
Dry bulk density (DBD) is the mass of dry solids in a known wet volume of soil 
(Avnimelech et al. 2001; Brady 1984).  When dealing with saturated sediments, a known 
volume of wet sediment must be dried to determine the dry mass.  After a core was 
collected with the modified K-B Corer, all but the top 5 cm were portioned into 10 cm 
segments and placed into whirl-paks bags (plastic baggies).  The sediments in each core 
segment were homogenized by hand kneading and returned to the lab for sub-sampling.   
 In the lab, 3 replicate sub-samples from each core segment (5 cm or 10 cm) were 
placed in tared 30 mL crucibles (volumes pre-determined by titration).  For 3.7% of the 
core segments (18 out of 482), either 2 replicates were used, or bulk densities were not 
computed due to inadequate replication.  Crucibles were filled with sediment level to the 
brim with care to minimize air spaces.  A plastic spatula was used to level the sediment.  
Another sub-sample was placed into an 85 mL aluminum weigh boat for C/N analysis.  
All samples were dried at 60˚C until there was no change in mass.  These methods are 
based on those described in Downing et al. (2008). 
 
 
Preparing the Sample for Carbon-Nitrogen Analysis: 
 
Mortar and Pestle Grinding: 
 
1) Label glass vials with sediment sample identification using a black sharpie. 
2)  Use mortar and pestle to break up and grind samples to a fine sample (fine 
samples are easier to weigh and the LECO produces more accurate data with finer 
samples). 
3) Stir the sample with the mortar. 
4) Crease a piece of printer paper in half, then pour the ground sample onto the 
paper. 
5) Funnel the ground sediment into the glass vials using the paper. 
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Alternate Method—Conical Burr Grinder: 
 
The sediment often dries to a hard consistency that resists grinding.  In these cases, a 
conical burr coffee grinder was used to grind the dried sediment.  The Capresso brand 
model ―Infinity‖ worked well; it was easy to clean and had adequate power.  The 
following steps were used in this project: 
 
This procedure is best performed in a fume hood to minimize dust contamination of the 
lab. 
1) Check the bottom of the sample for aluminum foil remnants and remove. 
2) Smash up the sample in a mortar and pestle using a rubber mallet so that the 
pieces are coffee bean size or smaller. 
3) Mark the bean holder with a black sharpie marker on the bottom rim where it 
contacts the rest of the machine, then properly install the bean holder. 
4) Rotate the bean holder so that it is on the coarsest setting. 
5) Pour the sediment pieces into the bean holder. 
6) Plug the coffee grinder in or flip the ―on‖ switch on your power cord. 
7) Turn on the machine, pulsating it on and off until you are sure that no large 
sediment pieces are getting stuck in the burrs. 
8) Once all the pieces are ground, angle the back end of the grinder up and tap the 
back end to get all of the loose sediment to fall into the bean catch. 
9) Unplug the coffee grinder and switch off the power strip.   
10) Remove the top burr and vacuum sediment from the caches and plastic surfaces of 
the coffee grinder’s components.  Clean thoroughly to prevent contamination of 
the next sample. 
 
 
 
Carbon-Nitrogen Analysis: 
 
 Total organic carbon (OC) and total nitrogen (N) contents of each sediment 
sample were determined by dry combustion at 950ºC using a LECO Tru-Spec C/N 
analyzer (LECO Corp., St. Joseph, MI) based on methods described in Nelson and 
Sommers (1996). 
 
26 
 
 
Kriging Analysis: 
 
 The universal kriging function of the geostatistical wizard tool in ArcMap 9.3.1 
was used to create prediction maps showing OC, N, and OC/N distributions.  No 
transformation of the data was performed and order of trend was left constant, as order of 
global trend was not definitively known and could not be assumed.  In the vast majority 
of cases, a spherical model was fitted as per the trend of the semi-variogram cloud.  An 
exception to this was Worth County Lake, which for OC, N, and OC/N data possessed 
flat semi-variograms, meaning that the patterns in these cases lacked spatial 
autocorrelation (Turner et al., 2001).  Other methods used to carry out this analysis are 
described in Johnston et al. (2001).  Concentration values were classified by natural 
breaks (Jenks’ optimization) which is a way of separating data into classes based on 
natural groupings that occur in the data distribution (Esri, 2011). 
 
 
Sampling Methods: 
 
Precision—Replicate Core Comparison to Test Near-Spatial Variability: 
 
 Kriging provides a basis for estimating variable values at sample locations which 
are intermediate within the collection grid (Clark and Harper, 2002).  In other words, by 
way of statistical theory, a researcher uses inferences derived from the nature and 
characteristics of the data to yield conclusions about the samples that the researcher does 
not actually have (Clark and Harper, 2002).  It is important, however, to establish the 
assumptions on which the statistical theory is based before the theory can be used.    
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One of the assumptions that must be dealt with is precision or reproducibility.  
Precision means that we assume that if the same sample is taken in the same manner, and 
undergoes the very same analysis, precisely the same results would be obtained (Clark 
and Harper, 2002).  This study used a nested ANOVA design in order to test the precision 
assumption using 3 clustered core samples for each of the four study lakes.  The three 
core samples were taken as closely together as could be achieved and the nested ANOVA 
used to test for near-spatial variation in order to determine if a sample actually represents 
conditions at a given location.   
 
 
Estimating Median OC and N from a Single Sample: 
 
Average Water Depth Method: 
 
 Taking into account spatial variation, a reasonable research question is the 
identification of a location where a single core can be taken in which values for sediment 
OC and N are equivalent to a representative impoundment average.  Average water depth 
can be quickly calculated as impoundment volume divided by impoundment area, 
provided these two reservoir metrics are known.  In order to evaluate this method, water 
depths at each sample site were measured.  The concentrations of OC and N for each 
sample location were plotted against the water depth measurements.  The average water 
depth was inputted for the x-value in the trend-line equation from this relationship to 
determine the equation’s output for the variable concentration at average depth.  The 
variable concentration output was then evaluated for proximity to the median value 
calculated from all cores based on percent error (Appendix 4 for calculation). 
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Center-point Approach: 
 
 This approach determines how well measurements of OC and N from the 
approximate center-point of an impoundment represent average values.  To test this 
approach, the ―mid-point‖ tool in ArcGIS was used to bisect the impoundment laterally to 
locate the lengthwise center-point.  Next, the lengthwise center-point was used to then 
bisect the impoundment longitudinally.  The mid-point of the line from the previous step 
yields an approximate center-point.  The variable concentration from the prediction map 
was identified in ArcGIS at the approximate center-point.  The identified value was 
checked for proximity to the median value (calculated from all cores) based on percent 
error calculations (Appendix 4 for calculation). 
 
 
 Variable Mean Calculation Using Multiple Sample Approaches: 
 
Stratified Sampling With Neyman Allocation: 
 
 Through collaboration with the Lada Micheas at the University of Missouri’s 
Social Science Statistics Center, an evaluation of the sampling effort was made by 
partitioning the impoundments in a similar fashion to try to maximize within strata 
similarity of the variable values.  To do this, impoundments were divided into thirds, 
resulting in a near-inflow stratum, a middle-impoundment stratum, and a near dam 
stratum (see Table 14).  The division into strata is warranted if the sum of the individual 
stratum’s standard deviations for the variable values is less than the total standard 
deviation in an impoundment (Thompson, 1992).  The sample size for computing a 95% 
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confidence interval for mean OC was calculated assuming a completely randomized 
sample using the data (overall impoundment standard deviation) from the pilot study 
(Table 14).  Statistics calculations were performed using SAS. 
 
 
Simple Random Sampling: 
 
 An alternate method that may be used, given this study’s data, to make 
projections about sampling requirements for desired levels of projected accuracy is 
simple random sampling (Thompson, 1992).  With alpha set at 0.05, we used the 
population variance and mean values for the surficial, 5-15 cm, and whole core 
concentrations of OC and N and determined relative and absolute precisions for a 
sequence of sample sizes.  This was done with the aid of an Excel spreadsheet 
constructed with the help of Joshua Millspaugh and Robert Gitzen of the University of 
Missouri’s Fisheries and Wildlife Department (Appendix 4; explanation of equations and 
calculations).  The sample size versus relative precision relationship could then be 
analyzed to determine how to best optimize sampling efforts to provide an overall mean 
value.  Furthermore, using the pooled data (from all impoundments combined), offers 
more expansive guidance and inference regarding sample size requirements than looking 
at impoundment data individually. 
 
Point Sampling Along a Transect: 
 
 Two parallel transects run the length of each reservoir.  Student’s T-test was 
performed on OC and N concentrations for the pairs of sampling lines to test whether the 
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means between sampling lines were significantly different.  Student’s T-test was also 
performed to compare the sampling line means against the sample mean from all cores.    
 
 
Ranking Reservoirs by Nutrient Status, Watershed Land Use, and other 
Factors: 
 
Average OC and N concentrations from the 4 study impoundments were 
compared with trophic state metrics, watershed land-use, and total suspended solids 
(TSS, consisting of VSS and NVSS) in order to determine a rank order based on these 
metrics.  Water quality data for chorophyll a (Chl a), water column phosphorus (P) and 
nitrogen, and suspended solids were collected by the University of Missouri’s state-wide 
lake monitoring program.  Values are the mean of a minimum of 4 (Lick Creek Lake) up 
to 32 (Fayette Lake) summer sample values (unpublished data, University of Missouri; 
communications with Daniel Obrecht).  The mean values generated in Jamesport and 
Worth County Lakes are from 12 and 16 samples, respectively.  Water samples were 
taken from the dam portion of the reservoirs.  The implications of trophic state and TSS 
regarding organic carbon sedimentation were examined and will be addressed. 
 
RESULTS 
 
Depth Profiles for Sediment OC and N 
 
Sediment properties change with increasing depth as a result of organic matter 
decomposition, compaction, and other diagenetic effects (Rowan et al., 1992), and both 
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OC and N show decreasing concentrations with depth in the 4 study reservoirs (Figure 
10).  
 
 
Figure 10.  WC = Worth County Lake; LC = Lick Creek Lake.  Weighted Segment Means (WSM; see 
Appendix 4 for explanation of calculation) and overall mean concentrations for sediment organic carbon 
(Panel A) and nitrogen (Panel B) in each lake, plotted against Sediment Accumulation Rate (SAR, cm/yr). 
 
The weighted segment mean values decreased as sediment depth increased (down-core) 
in all cases.  The overall sediment OC and N mean values closely approximated OC and 
N values from the 5-15 cm segment layer.  The smallest decrease between the (top) 0-5 
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cm to 15-25 cm layer occurred in Fayette Lake with only a 17% decrease in OC and 13% 
decrease in N (OC went from 20.2 to 16.7 g per kg dry wt., and N from 2.26 to 1.97 g per 
kg dry wt.).  The largest change from surficial sediment (0-5 cm) to 15-25 cm segment 
layer occurred in Lick Creek Lake; there was a 55% decrease in OC (from 42.2 to 18.8 g 
OC per kg dry wt.), and a 61% decrease in N (from 4.36 to 1.71 g N per kg dry wt.).  
Jamesport and Worth County lakes were intermediate between Fayette and Lick Creek 
Lakes.  Nevertheless, Jamesport displayed decreases in OC and N from the surface to the 
15-25 cm layer of 31% (55.4 to 38.1 g OC per kg dry wt.) and 35% (from 5.68 to 3.69 g 
N per kg dry wt.), respectively.  Finally, Worth County Lake showed a decrease from top 
to 15-25 cm layer of 27% for OC and 31% for N.  The plotting of the OC and N values 
against sediment accumulation rate (SAR) shows a tentative relationship or at least an 
easy ranking scheme (Figure 10).  In all cases, for the OC versus SAR plots show 
segments in impoundments with lower SARs rank as having higher sediment OC 
concentrations than the corresponding segments from impoundments with higher SARs.  
This pattern holds for sediment N in all but the 15-25 cm segment from Lick Creek Lake, 
which showed the lowest N concentration but with the second highest SAR.   
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Precision and Coefficient of Variation—Near Spatial Variation: 
 
 Near-spatial variation in sediment OC and N among the 3 clustered cores from 
each reservoir showed precision values from 91-99% (precision equation; Appendix 4).  
In other words, in every reservoir, it was shown that there was a high probability that 
another core collected near the same location (Table 2) as the clustered cores would 
confirm the same values.  This outcome suggests samples collected at a given location 
represent values near that site (for samples within an average distance of 2.0 m; Table 2).  
The first analysis examining precision was based on the comparison of each sample depth 
with the analogous samples in 3 clustered cores using nested ANOVA.  The coefficients 
of variation in the case of the clustered cores further confirm the results of the nested 
ANOVA (Table 3).  There are two sources of variation in this analysis, 1) the within 
sample (analytical error), and 2) variation as a result of the comparison between clustered 
cores (spatial error).  
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    Repeatability 
Lake Name 
Carbon 
(min—max) 
Nitrogen 
(min--max) 
Sample 
Distance 
(m)** 
Carbon Nitrogen 
Fayette 
12.7 (45 cm)— 
21.6 (5 cm) 
1.8 (45 cm)— 
2.8 (5 cm) 
2.1 91.5% 91.1% 
Lick Creek 
23.7 (25 cm)— 
47.2 (5 cm) 
2.0 (25 cm)— 
5.5 (5 cm) 
2.2 96.7% 99.6% 
Worth County 
*49.8 (35 cm)— 
57.5 (5 cm) 
*5.6 (35 cm)— 
6.6 (5 cm) 
2.1 93.0% 93.7% 
Jamesport 
42.5 (35 cm)— 
71.7 (5 cm) 
4.3 (35 cm)— 
7.9 (5 cm) 
1.0 97.6% 96.9% 
Table 2.  Carbon and nitrogen minimum and maximum values in g/kg dry sediment for replicate cores in the four study impoundments.  ‖x‖ cm 
denotes the bottom depth of the sediment core segment from which the value was taken.  Values represent the average of the three cores for 
that segment.  Repeatability determined by nested ANOVA in SAS 9.2.  SAS default significance level is set at alpha = 0.05.  *Total core 
length was 45 cm.  **All 3 cores are within this distance from one another (Trimble GeoXM gps unit accuracy for this data was ± 1 m). 
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Coefficient of Variation (%) 
Data Source Variable Fayette Jamesport Lick Creek 
Worth 
County 
*Analytical 
Error 
OC 1.41 0.36 0.86 1.00 
N 1.89 0.38 3.00 1.09 
**Combined Sp. 
and An. Error 
(n=3) 
OC 3.46 1.60 3.69 2.51 
N 4.15 3.27 2.06 3.34 
                            Table 3.  Coefficients of variation from both analytical error and clustered core data.  *Analytical error denotes the average coefficient of 
variation calculated from two replicates per sample run through the LECO C/N analyzer for each of the three cores from a given site 
((CV1+CV2+CV3)/3) .  **Combined spatial and analytical error is the coefficient of variation (CV = (100(S.D./mean)) calculated using the values 
from the three clustered cores.  Data is from the top 5 centimeters of sediment. 
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With the exception of nitrogen in Lick Creek, the coefficient of variation for the 
analytical error component is less than that for the combined spatial analytic error 
component (measurement of spatial variation per site sampled).  This pattern is expected 
and the Lick Creek case seems an anomaly.  Many laboratories deem results reliable if 
the coefficient of variation for the analytical error component of a method is less than or 
equal to 5%.  Accordingly, the fact that the coefficient of variation calculated with the 
data from different cores is also below 5%, in every case, shows indicates homogeneity 
among sample cores. 
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Sediment Variables: 
 
 There was a strong positive correlation detected between sediment OC and N 
across samples from 136 cores and 479 segments collected from the study impoundments 
(R
2
 = 0.95; Figure 11).
  
 
 
 
 
Figure 11.  Total overall sediment organic carbon versus sediment nitrogen plot for the 4 study 
impoundments. 
 
 
 
This strong relationship was found in 3 individual reservoirs (R
2
 above 0.90).  The 
relation was weaker in Fayette Lake (R
2
 = 0.65; Figure 12).  Although Fayette Lake 
showed the greatest number of outliers and the smallest coefficient of determination, 
results nonetheless indicate correspondence between sediment nitrogen and sediment 
organic carbon in this reservoir.   
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Figure 12.  Sediment Organic Carbon versus Sediment Nitrogen.  Values are in grams per kilogram dry 
sediment.  Graphs include all variable values from each lake with the exception of two out of three replicate 
cores per lake which were not used for this analysis because of their replicate status.  Sample numbers for 
Worth County, Jamesport, Lick Creek, and Fayette were as follows:  109, 126, 93, and 176. 
 
 
Sediment Organic Carbon 
 
Among all sample cores (n = 136), sediment organic carbon in the top 5 cm varied 
from 6.5 to 79.2 g OC per kg dry sediment, with the entirety of this 12-fold difference 
between minimum and maximum found in samples from Jamesport Lake (Table 4).  
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Table 4.  Sediment organic carbon values for the four study reservoirs in the 0-5 cm sediment layer.  *Population variance.  Divide carbon concentrations by 10 
for % dry wt. 
 
 
 
 
 
 
 
 
 
 
Sediment Organic Carbon (in g per kg dry sediment) 
Lake 
# 
Samples 
Mean Min 25% Median 75% Max 
Max:Min 
Ratio 
*Variance 
Fayette 40 20.3 13.9 18.5 20.3 22.6 26.7 1.9 9 
Jamesport 31 54.8 6.5 39.2 61.3 73.1 79.2 12.1 450 
Lick 
Creek 
32 42.2 17.8 35.7 43.6 49.0 69.8 3.9 115 
Worth 
County 
33 45.2 15.9 41.5 45.1 51.5 58.3 3.7 77 
 
3
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By comparison, the range of values was less than 2-fold in Fayette Lake.  Once the low-
value outlier was excluded, Worth County Lake also showed a ratio of maximum to 
minimum of less than 2; in Lick Creek Lake the ratio was 3.  The highest mean value was 
found in Jamesport Lake and the lowest mean and maximum values were in Fayette 
Lake.  Lick Creek Lake and Worth County Lake had similar mean and maximum that 
were more than double those in Fayette, but less than Jamesport.  In all samples, values 
were below 8% OC by dry weight.  
 
 
Prediction Maps:  OC in Top 5 Cm Sediment Layer 
 
Data from the surficial segments of 136 cores (Table 4) were used to produce OC 
concentration prediction maps with universal kriging.  The maps were classified by five 
natural breaks (Jenks’ optimization) to allow for a succinct way of viewing variable 
distribution patterns within the four lakes (Johnston et al., 2001).   
The prediction map for Fayette Lake shows a gradient of increasing organic 
carbon from the northwestern inflow towards the southeastern dam location (Figure 13; 
Appendix 7a).   The 5 ranges are not perpendicular to the impoundment’s main water-
flow direction; instead, the range boundaries show a gradual shift clockwise down-
reservoir in a northwest to southeast trend.  The overall range for the 0 to 5 centimeter 
dry sediment organic carbon layer in Fayette Lake was from 13.9 to 26.0 g OC per kg dry 
sediment (Figure 13).  Range 1, with the lowest OC values (from 14.0 to 16.9 g OC per 
kg dry sediment (Figure 13) only accounts for around 17% of the predicted area’s 
sediment values (Table 5). 
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Figure 13.  Fayette Lake sediment OC distribution map. 
  
Range 3, includes the narrow range of values between 19.0 and 20.9 g OC per kg  
dry sediment, and accounts for 26% of predicted organic carbon sediment values.  Range 
5 includes values from 22.7 to 26.0 g OC per kg dry sediment but, despite a 
comparatively large spread of values, accounts for only 19% of the predicted area.   
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 Area of Predicted Sediment Surface 
Range 
Organic 
Carbon 
Nitrogen OC/N 
1 16.9% 15.3% 22.3% 
2 16.6% 17.5% 45.8% 
3 25.6% 24.1% 10.6% 
4 21.9% 23.5% 12.0% 
5 19.1% 19.7% 9.2% 
Table 5.  Fayette Lake sediment--0 to 5 centimeters:  Percentage area of lake in each value 
range.  For pictorial representation of ranges, see Figure 13 for OC; Figure 17 for N; and Figure 
21 for OC/N. 
                             
Jamesport Lake Data: 
Highly variable OC values in the top 5 cm of Jamesport Community Lake (Figure 
14; Appendix 7b) shows a down-reservoir gradient similar to Fayette Lake.  The lowest 
values (from 7.11 to 20.64 g C per kg dry sediment) were located in the northwest section 
of the lake and in a small area approximately 180 meters from the inflow on the eastern 
edge of the lake border (Figure 14).  The subsequent ranges show a slight arched 
distribution pattern down-reservoir, with the space beneath the arch filled in by the 
subsequent range.   
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Figure 14.  Jamesport Lake sediment OC distribution map. 
 
Range 1 covers the smallest predicted sediment surface area at 6% and range 5 
covers the greatest area at over 39% (Table 6).  Together, ranges 4 and 5 cover over 60% 
of the predicted surface area. 
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 Area of Predicted Sediment Surface 
Range 
Organic 
Carbon 
Nitrogen OC/N 
1 6.2% 6.7% 11.3% 
2 15.7% 17.8% 13.9% 
3 16.2% 18.3% 48.8% 
4 22.5% 24.9% 16.3% 
5 39.4% 32.3% 9.8% 
Table 6.  Jamesport Lake sediment--0 to 5 centimeters:   Percentage area of lake in each value 
range.  For pictorial representations of ranges, see Figure 14 for OC; Figure 18 for N; and 
Figure 24 for OC/N. 
 
Lick Creek Lake Data: 
 
 
The spatial distribution of OC in the top 5 cm of sediment in Lick Creek Lake 
(Figure 15; Appendix 7c) shows a down-reservoir increase with clockwise shift similar to 
Fayette Lake.  The border lines are shifted clockwise from the axis which is 
perpendicular to the main water inflow.  Range 1 values are located near the inflow 
(northernmost portion of the impoundment) and on the mid-east border of the lake.  
Ranges 2, 3, and 4 consist of prominent bands that extend down-reservoir and across its 
width with progressive increases in sediment OC.     
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Figure 15.  Lick Creek Lake sediment OC distribution map. 
 
 
The band of range 4 splits range 5 into two separate patches: one on the southeast 
section of the dam, and one on the western border of the impoundment located 30-40 
meters northeast of the dam.  The sediment area covered by the 5 ranges were similar; 
each account for between 14% and 24% of the total predicted area (Table 7). 
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 Area of Predicted Sediment Surface 
Range 
Organic 
Carbon 
Nitrogen OC/N 
1 17.9% 14.6% 38.5% 
2 20.2% 17.7% 26.1% 
3 23.8% 18.7% 15.4% 
4 23.9% 19.6% 10.8% 
5 14.3% 29.5% 9.2% 
Table 7.  Lick Creek Lake sediment--0 to 5 centimeters:  Percentage area of lake in each range.  
For pictorial representations of ranges, see Figure 15 for OC; see Figure 19 for N; and Figure 22 
for OC/N. 
 
Worth County Lake Data: 
In Worth County Community Lake, OC in the surface sediment appears to 
increase down-reservoir, although range boundaries were irregular and characterized by 
rough edges and corners (Figure 16).  Consequently, there is not a clear distinction 
regarding which range defines a section.  This map shows predicted values can have a 
high degree of spatial variation.  When sampling points are symbolized by dots sized 
proportionally to represent OC concentrations at each site, a seemingly random pattern is 
shown in the map (Appendix 7c).  Also noteworthy is that range 1 (Figure 16) makes up 
only 6% (Table 8, below) of the lake’s predicted sediment area with the lowest values 
from 39 to 42 g C per kg dry sediment.   
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Figure 16.  Worth County Lake sediment OC distribution map. 
  
 
Ranges 4 and 5 make up the majority of the predicted sediment values with 25% 
and 39%, respectively, with range values of 45.2 to 46.8 and 46.8 to 49.2 g C per kg dry 
sediment.  Range 4 appears in patches both up-reservoir and down-reservoir of range 5. 
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 Area of Predicted Sediment Surface 
Range 
Organic 
Carbon 
Nitrogen OC/N 
1 6.1% 6.3% 47.8% 
2 14.4% 17.9% 21.7% 
3 15.4% 13.0% 8.6% 
4 25.2% 26.8% 10.3% 
5 39.0% 36.1% 11.7% 
Table 8.  Worth County Lake sediment--0 to 5 centimeters:   Percentage area of lake in each 
value range.  For pictorial representations of ranges, see Figure 16 for OC; Figure 20 for N; and 
Figure 23 for OC/N. 
                          
 
 
In summary, all 4 reservoirs show a basic pattern in the distribution of surface 
OC; lowest values are located at the inflow end with a gradient of OC increasing down-
reservoir toward the dam.  Fayette and Lick Creek Lakes share in common the clockwise 
rotation of the range boundary edges past the axis that is perpendicular to the water-flow.  
Jamesport shows a gradient with an arch pattern.  These three lakes differ from the 
pattern in Worth County Lake’s in that their edge boundaries are relatively smooth and 
the demarcation between classes is more clearly defined.   
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Sediment Nitrogen 
 
Nitrogen values in the study reservoirs ranged from 0.83 g N per kg dry weight to 
8.76 g N per kg.  Samples from Jamesport had the largest range with maximum to 
minimum spanning 10.6-fold, Lick Creek next with a 5.2-fold difference, Worth County 
with a 4.7-fold difference, and lastly Fayette with a 2.7-fold difference (Table 9).   
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Sediment Nitrogen (in g per kg dry sediment) 
Lake 
# 
Samples 
Mean Min 25% Median 75% Max 
Max:Min 
Ratio 
*Variance 
 
Fayette 40 2.26 1.18 2.01 2.30 2.66 3.15 2.67 0.24 
Jamesport 31 5.60 0.83 4.03 6.08 7.56 8.76 10.55 3.85 
Lick 
Creek 
32 4.36 1.43 3.55 4.53 5.29 7.44 5.20 2.62 
Worth 
County 
33 4.62 1.38 3.91 4.81 5.47 6.50 4.71 2.06 
Table 9.  Sediment nitrogen values for the four study reservoirs in the 0 to 5 cm. sediment layer.  *Population variance. 
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As with surface OC, Fayette Lake had the smallest range in measured values from 1.18 to 
3.15 g N pr kg dry sediment.  Fayette’s mean and median values were also the lowest 
(2.26 and 2.30), and Jamesport’s the highest (5.60 and 6.08).  Lick Creek and Worth 
County had similar mid-range mean and median sediment N values.  The median N value 
in Fayette Lake was about half that in Lick Creek and Worth County Lakes.  The 
Jamesport median nitrogen value is over 2.6 times the Fayette median.  This pattern 
compares with OC median values between lakes, a finding that is not surprising given the 
strong correlation between sediment OC and N values (Figure 11 and Figure 12). 
 The distribution maps (Figure 17 through Figure 20) for sediment nitrogen values 
in the four study lakes are similar to the patterns observed in the sediment organic carbon 
maps.  Fayette lake is an example of this (Figure 17).  In Fayette Lake, surface sediment 
N shows an increasing gradient down-reservoir from inflow to dam end exists.  As with 
the organic carbon map in this impoundment, the boundary lines shift in a clockwise 
direction (as observer views down-reservoir) from the axis that is perpendicular to the 
water-flow direction.  Range 1 (from 1.33 to 1.75 g N per kg dry sediment) makes up 
15% of the predicted distribution map surface area (Table 5).  Range 3 (2.06 to 2.29) 
makes up the greatest proportion at 24%.  Range 5 makes up around 20% of the 
impoundment’s predicted area (Figure 17).    
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Figure 17.  Fayette Lake sediment N distribution map. 
 
 
Jamesport Lake Data: 
 Jamesport Lake’s surface nitrogen distribution map also shows a pattern similar to 
its carbon distribution counterpart (Figure 18).  Nitrogen increases down-reservoir toward 
the dam end and there is a familiar arch pattern (as in OC; Figure 14) in the down-
reservoir gradient.  An extraordinary feature, relative to the other reservoirs, of this 
sediment layer is the expansive range of nitrogen values.  While Fayette Lake’s nitrogen 
distribution map possessed only a range between 1.33 to 3 g N per kg dry sediment, this 
map has values from 1.13 to 8.61 g N per kg dry sediment.  Range 1 (from 1.13 to 2.41 g 
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N per kg dry sediment) covers only 7% of the layer’s predicted area (Table 6).  Range 2 
(2.41 to 3.82 g N per kg dry sediment) accounts for 17.8% and range 3 is a slightly 
greater proportion at 18.3% of the lake area.  The majority of the lake’s predicted area is 
covered by the nitrogen concentrations in ranges 4 (5.37 to 6.95 g N per kg dry sediment) 
and 5 (6.95 to 8.61 g N per kg dry sediment) at around 25% and 32%, respectively. 
  
 
Figure 18.  Jamesport Lake sediment N distribution map. 
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Lick Creek Lake Data: 
 There is a strong similarity in the carbon and nitrogen distribution in the surface 
sediments of Lick Creek Lake (Figure 15 and Figure 19).  Sediment nitrogen values 
increase from the inflow down toward the dam with a clockwise rotation from the axis 
perpendicular to the water flow.  Range 1 (from 2.53 to 3.31 g N per kg dry sediment) 
accounts for the smallest percentage of predicted values at 15%  (Table 7).  Range 3 
(from 3.96 to 4.62 g N per kg dry sediment) accounts for around 19% of the predicted 
area.  Range 4 (4.62 to 5.24 g N per kg dry sediment) and range 5 (5.24 to 6.26 g N per 
kg dry sediment) were around 20% and 30%, respectively.  Range 5 in the nitrogen maps 
represents itself as a continuous band, whereas in the carbon map, it is broken up into two 
separate patches. 
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Figure 19.  Lick Creek Lake nitrogen distribution map. 
 
Worth County Lake Data: 
 Worth County Lake’s surficial sediment nitrogen distribution map bears 
similarities to its organic carbon counterpart, in both, the range boundaries are obscured 
by fragmented patches, rough edges, and discontinuities (Figure 20, below).  While the 
lake shows a general pattern of increasing nitrogen values down-reservoir, range border-
lines are irregular reflecting spatial variation.  Range 1 (3.76 to 4.12 g N per kg dry 
sediment; Table 8)) accounts for only 6% of the predicted lake surface area for nitrogen.  
Range 2 (4.12 to 4.40 g N per kg dry sediment) is a greater proportion at 18%.  Ranges 4 
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(4.65 to 4.88 g N per kg dry sediment) and 5 (4.88 to 5.16 g N per kg dry sediment), 
however, make up over 60% of the predicted surface values, at around 27% and 36%, 
respectively.   
 
 
 
Figure 20.  Worth County nitrogen distribution map. 
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The Ratio of OC/N 
 
Fayette Lake had the largest range in ratio values from 7.71 to 13.52 (a span of 
5.81, Table 10).  In Lick Creek Lake the range was slightly smaller from 8.45 to 13.23 (a 
span of 4.78).  Jamesport had the third largest range with values from 7.78 to 11.52 (a 
span of 3.74).  While the ranges from the previous three impoundments were quite 
similar to one another, Worth County Lake had a particularly narrow range with values 
from 8.95 to 11.53 (a span of 2.58).   
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OC:N Ratio 
Lake 
# 
Samples 
Mean Min 25% Median 75% Max 
Max:Min 
Ratio 
*Variance 
 
Fayette 40 9.18 7.71 8.42 8.79 9.81 13.52 1.75 1.55 
Jamesport 31 9.67 7.78 9.37 9.58 10.17 11.52 1.48 0.58 
Lick 
Creek 
32 10.02 8.45 9.24 9.56 10.56 13.23 1.57 1.32 
Worth 
County 
33 9.90 8.95 9.17 9.79 10.52 11.53 1.29 0.59 
Table 10.  Sediment  OC:N ratios for the four study reservoirs in the 0 to 5 cm. sediment layer.  *Population variance. 
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The means/medians of the actual values of OC/N for the reservoirs were as 
follows:  Fayette (9.18/8.79), Jamesport (9.69/9.59), Lick Creek (10.02/9.56), Worth 
County (9.92/9.81).  All median values and all but one mean value were below 10.  The 
fact that the mean value for all reservoirs is below 10 may imply considerable 
autochthonous influence on sediment organic carbon (Hyne, 1978; Meyers and 
Ishiwatari, 1993). 
Spatial distribution pattern for the OC/N ratio in Fayette Lake shows roughly the 
opposite pattern to that of sediment OC and N (Figure 21).  High OC/N ratios occur at the 
inflow end, with lower OC/N ratios down-reservoir.  The range borders do not show a 
uniform pattern or shift.  While range 1 (8.28 to 8.79) covers 22% of the predicted 
distribution’s area, Range 2 (8.79 to 9.24) covers 46%, by far the greatest area for a 
single range (Table 5).  The last three ranges combined (which possess the largest ratio 
values) do not fill as much area as the second.  Range 5 (10.28 to 11.01) covers only 9% 
of the distribution map’s surface area for OC/N. 
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Figure 21.  Fayette Lake sediment OC/N distribution map. 
 
 
Range 4 and 5 in the prediction map were the only ranges that included values 
above 10 and therefore that show marginal allochthonous input.  However, even this 
influence drops off quickly.  This may be because the allochthonous organic matter falls 
out into the sediments rapidly as it enters the impoundment.  In excess of 78% of the 
impoundment area shows OC/N ratios in the top 5 centimeters of sediment to be less than 
10 (values range from 8.28 to 9.7 in ranges 1, 2, and 3).  By this measure, it is assumed 
that autochthonous organic matter is a substantial contributor to sediment organic carbon 
in Fayette Lake. 
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Lick Creek Lake Data: 
The pattern in Lick Creek Lake is similar to Fayette in that the ratio of OC/N in 
its sediments is greatest at the primary in-flow end (Figure 22).  Interestingly, there are 
high value patches at two other secondary inflows at the middle-eastern and south-eastern 
boundary of the impoundment.  The ratio is smaller in the sediments at increasing 
distances from these inflows and the primary inflow.  The sections of the impoundment 
with the highest ratios, however, make up a relatively small proportion of the distribution 
map (ranges 4 and 5 make up around 11% and 9%, respectively).  In contrast, ranges 1 
and 2, which have the smallest ratios (covering values from 8.97 to 9.53 and 9.53 to 
10.04) make up the majority of the distribution map with 38% and 26%, respectively 
(Table 7).   
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Figure 22.  Lick Creek Lake sediment OC/N distribution map. 
 
    
A great portion of the impoundment sediment surface area was just at or below 10 
for the OC/N ratio (Figure 22).  Again, the primary inflow shows the greatest portion of 
high ratio values.  The fact that there were two secondary inflows with elevated OC/N 
ratio values radiating out from them from the southeast edge of the lake boundary shows 
the potential influence of secondary in-flows on the sediment.  Autochthonous organic 
matter influence on sedimentary organic carbon was highest in the deeper, middle portion 
of the lake and towards the middle-western edge of the lake and dam.  With 
approximately 64% of the reservoir around or below the value of 10 for the OC/N ratio 
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(the two lowest valued ranges spanned from 8.97 to 10.04).  By the measure of sediment 
surface area with OC/N ratios less than 10, autochthonous sources seem to contribute less 
to sediment organic carbon than in Fayette Lake. 
   
Worth County Lake Data: 
The OC/N distribution map for Worth County lake shows a pattern similar to that 
discussed in the previous two lakes (Figure 23).  The highest ratios are found at the 
inflow end.  Ratios decrease as one views locations further down-reservoir until they are 
at their lowest values toward the dam end and into a side-arm at the south-eastern portion 
of the reservoir.  As in the sediment organic carbon and nitrogen distribution maps for 
Worth County Lake, the range border edges are choppy and rigid.  Range 1, which has 
the lowest ratios (from 9.52 to 9.77), covers almost half the distribution map’s area at 
48% (Table 8).  Range 2 (from 9.77 to 9.95) accounts for the next greatest amount of area 
at 22%.  The remaining ranges 3, 4, and 5 were fairly even distributed at 9%, 10%, and 
12%, respectively. 
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Figure 23.  Worth County Lake sediment OC/N distribution map. 
 
 
The two lowest-valued ranges (covering values from 9.52 to 9.95) covered over 
69% of the lake sediment surface area.  The fact that this range of values was below 10 
suggests that autochthonous inputs play a key role in providing organic matter to the 
sediments.  However, the prediction errors for this map, as well as the ―choppy‖ 
boundaries which do not clearly delineate ranges may indicate that the spatial 
autocorrelation in the variogram used to produce this map is not as strong as in the other 
3 impoundments (see Appendix 6 for Prediction Errors).   
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Jamesport Lake Data: 
Jamesport Lake’s OC/N distribution is strikingly different than the others (Figure 
24).  The highest OC/N ratios are located at the western side-arm.  From here, values 
gradually decrease up-reservoir toward the primary inflow, instead of starting out high at 
the in-flow.  Moderate range values radiate into the eastern side-arm.  This middle range 
(range 3; values from 9.53 to 9.88) included 49% of the distribution map’s area (Table 6).  
Range 1 with the lowest values (from 8.82 to 9.16) covered only 11% of the prediction 
map’s surface area.  The highest valued range (range 5; 10.23 to 10.77) covered just 
under 10% of the distribution map’s area.    
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Figure 24.  Jamesport Lake sediment OC/N distribution map. 
 
 
 Jamesport Lake shows a surprising pattern in that the location of the high and low 
ranges are essentially the opposite of what is expected:  the lowest-valued ranges are near 
the supposed primary inflow, and the highest towards the dam (Figure 24).  It is unusual 
that the two lowest-valued ranges are nearest the primary inflow and both below 10 
(spanning from 8.82-9.53).   
These numbers suggest there is a substantial autochthonous component to the 
organic matter in the sediments of this shallow inflow section, and that autochthonous 
inputs play an even greater role here than in the deeper water section near the dam where 
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this would be expected to be the case (Hyne, 1978).  Overall though, the three lowest 
valued ranges, which span from 8.82 to 9.88 for the OC/N ratio, are all under 10 and 
cover nearly 74% of the prediction map surface area.  These data support a strong 
autochthonous component in the sediment organic carbon make-up, as might be expected 
in this hyper-eutrophic impoundment (average TP = 146 μg/L). 
 
 
 
 
 
 
 
Trophic State, Watershed Land Use, VSS and NVSS, and CA:LA Rankings 
 Given that sediment OC and N are closely correlated, it is not surprising that both 
metrics show a similar pattern when plotted against Chlorophyll a (Figure 25). 
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Figure 25.  Mean sediment OC and N versus water column Chlorophyll a (Jones et al., 2008b) in 
the four impoundments.  
 
Jamesport, the most nutrient rich impoundment (Table 1) has the highest sediment 
organic carbon and nitrogen values in the surficial sediment layer.  Worth County Lake, 
with the next highest Chl a values in the water column has the next highest sediment OC 
and N values.  Fayette, however, does not follow the trend, as it has the second lowest 
water column nutrients but by far the lowest sediment OC and N values.  This is 
potentially because of its high inorganic matter sedimentation rate, resulting in dilution of 
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organic inputs to sediment organic matter (Rowan 1992; Hyne 1978; Mulholland and 
Elwood 1982). 
The pattern displayed between mean sediment OC and N and water column 
volatile suspended solids (VSS) (Figure 26) is similar to that for chlorophyll (Figure 25).  
A comparable pattern is not distinguishable in the analogous plots for non-volatile 
suspended solids (NVSS) (Figure 26). 
  
 
 
Figure 26.  Mean sediment OC and N values in the surficial sediment when plotted against water 
column VSS and NVSS (suspended solids data from unpublished data, University of Missouri; 
communications with Daniel Obrecht). 
 
 
VSS plots show Jamesport with the highest VSS also has the highest mean sediment OC 
and N concentrations.  Worth County Lake, with the next highest VSS, has the second 
highest sediment OC and N values.  Fayette has the smallest VSS value, which may help 
explain why there are lower values of sediment OC and N because organic matter is a 
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volatile component.  Lick Creek Lake accounts for the second lowest VSS value with the 
second lowest OC and N values.  Lick Creek’s OC and N values were double that of 
Fayette’s, although VSS in Fayette were approximately twice that in Lick Creek.  
Suspended solids were monitored in the summer and this data suggests no simple 
correlation between sediment OC and N and summer VSS values, despite the fact that 
water column Chl and VSS are highly correlated (Jones et al., 2008b). 
 The relation between watershed land-use and sediment OC and N concentrations 
is not apparent in these 4 impoundments (Figure 27). 
 
Figure 27.  Watershed land-use as percent watershed area with mean OC and N concentrations for 
surficial (0-5 cm) sediment included above bar graph.  James = Jamesport; WC = Worth County; 
LC = Lick Creek; Fay = Fayette. 
 
 
Interestingly, while Worth County Lake had the highest proportion grassland in the 
watershed, and Lick Creek Lake had the highest proportion forest, the sediment OC and 
N values were similar.  In contrast, land-use in watersheds of Jamesport and Fayette lakes 
were similar but sediment OC and N values in the surficial sediment were not.  Fayette 
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had the lowest sediment OC and N concentrations, and Jamesport the highest; Jamesport 
having more than double the OC and N in grams per kilogram over Fayette.  This 
difference is likely due, at least in part, to the dilution of organic matter resulting from a 
higher sediment accumulation rate (SAR) in Fayette Lake over Jamesport, which showed 
SARs of 2.47 and 0.97 cm yr
-1
, respectively (Table 18). 
 Downing et al. (2008) found that impoundments with small ratios of watershed to 
lake area (Catchment Area:Lake Area; CA:LA) had sediments with the highest 
concentrations of organic carbon.  This general pattern holds among this study’s four 
impoundments (Table 1 and Table 4).  Jamesport Lake had the lowest CA:LA at 9.9, and 
the largest mean/median sediment OC concentrations (54.81 and 61.3 g OC per kg dry 
sediment).  Fayette Lake had the largest CA:LA at 21 and the lowest mean/median 
sediment OC concentrations (20.25 and 20.33 g OC per kg dry sediment).  Jamesport, 
Lick Creek, and Worth County lakes all have similar CA:LA ratios that are substantially 
smaller than Fayette Lake.  The CA:LA ratio was 10.0 in Lick Creek and 11.5 in Worth 
County with similar mean/median values of sediment OC in both at 42.2/43.6 and 
45.2/45.1 g OC per kg dry sediment, respectively.  The pattern does not hold perfectly, as 
the slightly higher CA:LA ratio of Worth County versus Lick Creek is not also matched 
by lower OC mean/medians relative to Lick Creek.  However, this is only a four reservoir 
set, not a cross-system study.
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Estimating Median OC and N from a Single Sample: 
 
Average (Mean) Water Depth Method—Results: 
 
 For each reservoir, OC and N values from each core were plotted against the 
corresponding water depth at the point of collection (Figure 28).  Using the reservoir-
specific regression equation (Table 11), the OC and N value was estimated at the mean 
depth of each reservoir.  For the output of sediment OC and N values, percent error 
values were below 6% in 6 of 8 cases (Table 11).  Therefore, in 75% of cases, the value 
estimated by this method was within 6% of the median calculated from all cores.  In 
Jamesport Lake, percent error values were considerably higher for OC and N at 38.3% 
and 35.5%, respectively.   
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Reservoir 
Name 
Mean 
Depth—
“x”-
Input 
(m) 
Variable 
Slope 
Equation 
Variable 
Concentration: 
“y”-Output 
(g/kg) 
Variable 
Concentration: 
Actual Median 
 (g/kg) 
Correlation 
Coefficient 
(R) 
% Error 
Fayette 4.47 
OC y=2.1x+11.8 21.3 20.3 0.84 4.9% 
N y=0.36x+0.81 2.42 2.30 0.89 5.2% 
Jamesport 1.67 
OC y=21.5x+2.1 37.9 61.3 0.94 38.2% 
N y=2.16x+0.31 3.92 6.08 0.93 35.5% 
Lick 
Creek 
3.56 
OC y=3.4x+31.6 43.6 43.6 0.50 0.0% 
N y=0.47x+2.88 4.55 4.53 0.58 0.4% 
Worth 
County 
4.07 
OC y=2.3x+38.3 47.7 46.0 0.30 3.7% 
N y=0.33x+3.64 4.98 4.81 0.36 3.5% 
Table 11.  Percent error calculated using Average (Mean) Water Depth Method compared to medians from all samples using the 0 to 5 cm sediment data. 
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Correlation coefficients between the sediment OC and N concentration and water depth 
relationship were strong in 2 of 4 cases (r > 0.83), suggesting linear dependence.  The 
other 2 showed moderate or weak linear dependence (r from 0.30 to 0.58; Table 11, 
Figure 28, and Figure 29). 
 
 
Figure 28.  OC in surficial sediment plotted against water depth. 
 
 
 
Figure 29.  N in surficial sediment plotted against water depth. 
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Center-point Approach: 
The ―Center-point Approach‖ identified the OC and N concentrations at the mid-point in 
each impoundment (see methods section for ―Center-point Approach‖, and Table 12).  
This estimate approximated the median value from all cores with a percent error of less 
than 10% in all cases, and less than 5% in 7 out of 8 cases (see Appendix 4 for Percent 
Error calculation).  This outcome suggests that a reasonable approximation of the median 
lake values for OC and N can be achieved by taking a sample at the impoundment center-
point in these small-size class water bodies. 
 
 
Reservoir 
Name 
Variable 
Variable 
Concentration: 
Center-point 
Approach 
(g/kg) 
Variable 
Concentration: 
Actual Median 
 (g/kg) 
% Error 
Fayette 
OC 19.8 20.3 2.5% 
N 2.27 2.30 1.3% 
Jamesport 
OC 61.3 61.3 0% 
N 6.36 6.08 4.6% 
Lick 
Creek 
OC 42.6 43.6 2.3% 
N 4.68 4.53 3.3% 
Worth 
County 
OC 44.0 45.1 2.4% 
N 4.40 4.81 8.5% 
Table 12.  Percent Error calculated from Center-point Approach compared to medians from all 
samples using the 0 to 5 cm sediment data. 
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Mean-Depth Method Versus Center-Point Approach: 
 
A direct comparison of these methods reveals that the center-point approach 
delivered the greatest overall accuracy, on average.  This is due, primarily, to the high % 
error given by the mean-depth method for both OC and N in the surficial sediment of 
Jamesport Lake (Table 13). 
 
Reservoir 
Name 
Variable 
Mean-Depth 
Method:   
% Error 
Center-
Point 
Approach:
% Error 
Fayette 
OC 4.9% 2.5% 
N 5.2% 1.3% 
Jamesport 
OC 38.2% 0.0% 
N 35.5% 4.6% 
Lick 
Creek 
OC 0.0% 2.3% 
N 0.4% 3.3% 
Worth 
County 
OC 3.7% 2.4% 
N 3.5% 8.5% 
Table 13.  Direct comparison of % error between single-sample approaches.  % errors are from                   
Tables 11 and 12.  Data used for the comparison is from the 0 to 5 cm sediment layer. 
 
 
Variable Mean Calculation Using Multiple Sample Approaches: 
 
Stratified Sampling With Neyman Allocation: 
 
Each impoundment was divided into 3 sections:  in-flow, middle, and dam.  
Within each of these strata, the standard deviation for OC was greater than the total 
standard deviation, meaning that the stratified sampling scheme does not decrease the 
variability of the estimators (Table 14).  These data indicate that there can be large 
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variability in sample values within individual strata.  Such variation suggests the study 
data do not support the use of a stratified sampling scheme.      
Lake Stratum 
Stratum 
Standard 
Deviation 
Stratum 
Mean 
(g C kg
-1
 
dry sed.) 
Total 
Standard 
Deviation 
Total Mean 
(g C kg
-1
 
dry sed.) 
Fayette 
In-flow  
(n = 13) 
2.00 17.08 
3.05 20.25 
Middle  
(n = 13) 
2.16 20.75 
Dam  
(n = 14) 
1.67 22.72 
Jamesport 
In-flow  
(n = 10) 
15.01 30.59 
21.34 54.82 
Middle  
(n = 10) 
11.26 61.61 
Dam  
(n = 11) 
11.68 70.68 
Lick Creek 
In-flow  
(n = 7) 
5.93 33.73 
11.02 42.01 
Middle  
(n = 13) 
12.68 41.07 
Dam  
(n = 10) 
5.66 49.03 
Worth 
County 
In-flow  
(n = 12) 
11.08 41.35 
8.79 45.16 
Middle  
(n = 11) 
6.50 49.16 
Dam  
(n = 10) 
5.09 45.33 
Table 14.  Data is for organic carbon from the 0 to 5 centimeter segment layer and is that used in the 
stratified Neyman allocation to evaluate sampling effort required to achieve representative overall sediment 
organic carbon values.  ―n‖ values in ―Stratum‖ column indicate the number of samples per stratum. 
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This stratified sampling approach was not justified because values within each 
strata were highly variable.  However, this analysis can indicate which zone of an 
impoundment should be most intensively sampled.  For impoundments of this size, with 
travel time, sample retrieval, and obligatory same-day bulk density processing, it is 
reasonable to collect around 12 samples.  Precision was, therefore, set at various values 
until the number of samples in the strata for each impoundment summed to 12 samples.  
Allocation of samples in a Neyman allocation is proportional to variability in strata, with 
the largest number of samples being allocated to the strata with the greatest variance in 
values (Table 15). 
 
Reservoir Name # Samples Allocated* Stratum 
Fayette 4 
In-Flow 
Jamesport 5 
Lick Creek 3 
Worth County 6 
Fayette 5 
Middle 
Jamesport 3 
Lick Creek 6 
Worth County 3 
Fayette 3 
Dam 
Jamesport 4 
Lick Creek 3 
Worth County 3 
Table 15.  Sample allocation for the three stratum.  *Total of 12 samples allocated per reservoir. 
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Analysis suggests the dam stratum, on average, requires the fewest samples (3-4), with 
greater sampling required in the in-flow and middle strata.  Given variability and the 
small number of impoundments evaluated, it is difficult to generalize an approach for 
future sampling.  Preliminary results suggest the number of samples required among the 3 
strata differ by a factor of two.  This outcome suggests stratified sampling with Neyman 
allocation would require a larger pilot study. 
 
 
Simple Random Sampling: 
  
A simple random sampling approach (Thompson, 1992) outlined in the methods 
section was used to evaluate sampling accuracies for both individual lake and combined 
lake data.  This section focuses on combined lake data, as it is better suited to provide 
regional sample size requirement estimates than individual lake data.  Sample size was 
plotted against the maximum acceptable percent error of the mean (Figure 30).  For both 
OC and N, the pattern for surficial, 5-15 cm, and total core data was very tight (Figure 
30).  Furthermore, both OC and N, from the core sections showed similar accuracy levels 
at any given sample number.     
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Figure 30.  Sample size versus relative error as a percent of the mean (Maximum Acceptable Error 
Percent of Mean) for conglomerate impoundment data for the surficial layer, 5-15 cm layer, and 
total core measurements.  Plot A = Organic Carbon.  Plot B = Nitrogen.  α = 0.05. 
 
Trend-lines in Figure 30 suggest both variables returned a slightly higher accuracy in the 
total core data for a given sampling effort as compared with the surficial and 5-15 cm 
data.  The surficial layer’s accuracy ranked above the 5-15 cm data in all cases.  In all 
comparisons, after around 10 samples, the number of additional samples required to 
improve accuracy increased exponentially (Figure 30; Appendix 8 for absolute 
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precision).  For instance, only a small gain in accuracy was observed when increasing 
from 10 to 13 samples.  While accuracy levels for 10 samples ranged from within 25% to 
31% of the mean, accuracy for 13 samples was only marginally better, ranging from 
within 22% to 27% of the mean (Table 16).   
 
 
 
Data 
Source 
Segment/Core 
Sediment 
Variable 
Sample Size 
10                            13 
All 
Lakes 
0-5 cm 
OC 28.8%  25.8% 
N 28.5%  25.3% 
5-15 cm 
OC 31.0%  27.0% 
N 31.0%  27.0% 
Total Cores 
OC 25.5%  22.0% 
N 25.0%  22.1% 
Table 16.  Percent error for 10 and 13 sample sizes using the conglomerate impoundment data.     α = 0.05. 
 
Accuracy projections, regardless of sample size, were consistently better for data from 
the total core relative to the surface and 5-15 cm segments.  Expressing this sampling 
effort on the basis of area by aggregating the datasets (summing the areas of the 
impoundments and pooling OC and N concentration data) would require 1.0 sample per 
hectare to match the 13 sample target.  The 10 sample target would require 0.8 samples 
per hectare.  At 1 sample per hectare, both OC and N ―Total Core‖ data produced 
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projected accuracies of around 22%, while at 0.8 samples per hectare for total core data, 
OC projected for an accuracy of 26%, and N for 25%. 
 
 
 
Point Sampling Along a Transect (Uniform Random): 
 
There were 8 parallel sampling transects; two per reservoir, an east and a west, 
spanning the lengths of the water-bodies (in an approximate north-south direction).  OC 
and N values from the surficial sediments and total cores of these east and west transects 
were compared against one another.  Of these 16 comparisons, only mean OC values 
from the total core Fayette were different (Student’s T-test; alpha = 0.05).  The 95% 
confidence intervals about the mean OC and N values were compared against those from 
the transects (Table 17).  The precision term (1.96 * S.E.) or margin of error for these 
confidence intervals made up a percentage of the mean that was always smaller when all 
samples from a given reservoir were analyzed, in comparison to the analogous precision 
term for the smaller number of samples composing the east/west transects.  Confidence 
intervals calculated using the complete set of samples from lengthwise transects were 
obtained from sample sizes of 16 to 28 depending on impoundment size/length.  
Confidence intervals were also calculated on a partial sampling line basis, being obtained 
from 6 samples from combined transects, taken at the start and end of 2 uniformly spaced 
intervals, resulting in in-flow, middle, and dam sampling locations. As expected, there 
are smaller precision percent of mean values in the complete lengthwise transect 
confidence intervals when compared to the partial point transect samplings (Table 17).  
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  Margin of Error for Confidence Intervals 
Reservoir Data Total Lake 
*Avg. of 
Lengthwise 
Transects 
**Avg. of Partial 
Lengthwise 
Transects 
Fayette 
OC (0-5 cm) 5.0% 7.9% 27.9% 
N (0-5 cm) 7.1% 11.7% 36.7% 
OC (Total Cores) 5.8% 6.9% 12.5% 
N (Total Cores) 5.5% 9.1% 24.6% 
Jamesport 
OC (0-5 cm) 13.5% 23.2% 46.0% 
N (0-5 cm) 13.6% 23.1% 45.2% 
OC (Total Cores) 11.9% 18.9% 30.4% 
N (Total Cores) 12.2% 19.3% 30.3% 
Lick Creek 
OC (0-5 cm) 9.0% 14.6% 32.7% 
N (0-5 cm) 10.3% 18.7% 39.5% 
OC (Total Cores) 8.3% 15.8% 31.2% 
N (Total Cores) 10.1% 19.1% 33.2% 
Worth County 
OC (0-5 cm) 5.4% 10.2% 27.4% 
N (0-5 cm) 6.8% 11.9% 33.4% 
OC (Total Cores) 7.4% 10.2% 14.4% 
N (Total Cores) 8.4% 11.1% 17.7% 
Table 17.  95% confidence interval (C.I.) accuracy about the mean as a percentile comparing total reservoir 
sample confidence intervals to lengthwise transect sample confidence intervals.  *Margin of error as percent of 
mean from combined total east and west lengthwise transects.  **Margin of error as percent of mean from 
combined partial (n=6) east and west lengthwise transects. 
 
The average precision for confidence intervals for all samples from a given reservoir was 
always less than 14%.  In comparison, the average precision of full lengthwise transects 
was under 25% in all cases and over half (9 of 16) were under 15%.  Average accuracy 
for the partial lengthwise transects (3 samples per transect) was much poorer; only 6 of 
the 16 cases were below 30% and the others ranged from 30% to 46%. 
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Impoundment Carbon Burial Rates: 
 
 Carbon burial rates were estimated using the arithmetic mean of the organic 
carbon and dry bulk density values, as well as the geometric mean for the soft sediment 
thickness for each impoundment.  Fayette Lake buried the most organic carbon at 2,764 
metric tons (Table 18).   
 
 
Lake Name 
***Mean 
Organic  
Carbon  
(g C per 100 
g Dry 
Sediment) 
*Mean Dry 
Bulk Density 
(g Dry Sed. 
mL Wet 
Sediment
-1
) 
**Sediment 
Accumulation 
Rate (cm yr
-1
) 
Total  
Organic 
Carbon 
Burial 
(metric tons) 
Organic 
Carbon 
Burial Rate 
(g C m
-2 
yr
-1
) 
Fayette 1.75 0.53 2.47 2,764 229 
Jamesport 4.29 0.44 0.97 1,209 183 
Lick Creek 2.82 0.56 1.64 682 256 
Worth 
County 
3.87 0.46 1.57 1,450 279 
Table 18.  Total impoundment carbon burial and rates.  *Arithmetic Mean.  **Based on SST (geometric 
mean calculation) and years since impoundment  ***Weighted-Weighted Mean is the mean of the total core 
data (see Appendix 4 for description of this calculation). 
   
 
The remaining three of Jamesport, Lick Creek, and Worth County buried 1,209 metric 
tons, 682 metric tons, and 1,450 metric tons, respectively.  Although Worth County lake 
buried the second largest amount of carbon, its burial rate was greater than Fayette’s at 
279 g OC m
-2
 yr
-1
.  The remaining lakes, in order, were Lick Creek, Fayette, and then 
Jamesport with rates of 256, 229, and 183 g OC m
-2 
yr
-1
, respectively.  The range of OC 
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burial rates seen for the 4 study reservoirs is within that observed for impoundments and 
lakes of a similar surface area from a figure taken from Downing (2008) (Figure 31). 
 
 
Figure 31.  OC burial rates versus lake area in this study and various other study lakes and reservoirs.  
Figure taken from Downing (2008) with this study’s 4 impoundments superimposed. 
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DISCUSSION 
 
 
  
The literature differs regarding near-spatial variation of OC in lake sediments.  
Downing and Rath (1988) reported that some studies have shown high coefficients of 
variation (>5%) in sediment samples taken at the same site (Hargrave and Nielsen, 1977; 
Slater and Boag, 1978; Anderson et al., 1982).  Others studies observed homogeneous 
sediments at a specified depth (Twinch and Peters, 1984) or station (Reynoldson and 
Hamilton, 1982).  This study’s near-spatial sampling (Table 2 and Table 3; Objective #6) 
showed OC and N were quite homogeneous suggesting that results from a given core 
represent that location; matching the findings of Twinch and Peters (1984) and 
Reynoldson and Hamilton (1982).  
Primary objective #1 of this study was to quantify the spatial distribution and 
concentration of sediment organic carbon and nitrogen in 4 small northern Missouri 
impoundments.  Small reservoirs are of interest because studies show they have the 
largest burial of erosion material per unit area (Downing et al., 2008; Smith et al., 2002).  
Sediment organic carbon in this study’s impoundments was below 8% based on dry 
weight and varied by an order of magnitude between 0.7 and 7.9%, with an overall mean 
of 3.2% (Table 4). 
This study focused on the top 5 cm of sediment because it is well-recognized that 
organics degrade over time, tending to lead to lower concentrations of C and N within 
sediment of greater depth and age (Trolle et al., 2010).  Organic carbon values in the 
surficial sediments of the 4 impoundments in this study closely compared with the range 
(0.7% to 13.6%) in 14 New Zealand and Chinese lakes (Trolle et al., 2010). Such 
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variability is understandable in lake sediments from different regions, as soil types in the 
watersheds often differ between regions.  Also, natural lakes like those in the Trolle study 
are expected to have higher sediment organic carbon than in impoundments.  Both Hyne 
(1978) and Mulholland and Elwood (1982) found, higher sedimentation rates in 
impoundments dilute organic matter with inorganic matter and lower OC values.  As 
mentioned previously, this could account for differences in sediment OC between 
reservoirs with appreciable differences in SAR, such as Jamesport Lake and Fayette Lake 
(Table 18). 
Sediment OC in agriculturally eutrophic impoundments in Iowa (Downing et al., 
2008) ranged from 0.9% to 23.5% (with a mean of 10.3%, over 3 times the value in this 
study’s reservoirs).  While geographically close to the Missouri glacial plains, row crop 
agriculture practices are more intense in Iowa, supporting greater autochthonous 
production and the carbon-rich glacial soils are subject to heavy erosion that delivers 
comparatively large amounts of OC to impoundment sediments (Downing et al. 2008; 
Jones et al. 2008b).  In contrast, the Missouri impoundments include extensive grass and 
forest cover in the watershed (Table 1).  In addition, the 40 impoundments in the 
Downing study were eutrophic to hyper-eutrophic; the 4 impoundments in this study 
were selected to range from mesotrophic to hyper-eutrophic.   
Vanni et al. (2010) found OC and N in the surficial sediments of the three Ohio 
impoundments increased progressively from the inflow to the middle to the outflow.  The 
4 impoundments in this study showed a similar pattern in the surficial layer with the 
lowest values generally located at the inflow; and highest values near the dam (Figure 13 
through Figure 20).  This pattern is a consequence of high sedimentation rates at the 
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inflow diluting organic matter with inorganic sediments, explaining why the lowest 
sediment OC and N values are located at the impoundment in-flow (Hyne 1978; Morris 
and Fan 1998).   
  Primary objective #2 was to determine contributions of autochthonous versus 
allochthonous sources to sediment organic carbon using OC/N ratios.  Autochthonous 
organic matter is high in protein-rich, low-molecular-weight compounds, that are high in 
N which typically results in a low OC/N ratio (<10).  Land-derived, allochthonous 
organic matter is enriched in humic compounds that are high in carbon, with 
corresponding higher OC/N ratios, usually in the 20-30 range (Dean and Gorham, 1998 
citing Meyers and Ishiwatari, 1993).  A diagenesis study of Lake Lugano (Switzerland) 
showed OC/N ratios were higher in sediment core samples than in trap samples placed in 
the water column.  This suggests that nitrogen may be lost preferentially or at a faster rate 
than carbon during early sedimentary diagenesis, and/or that sediment possesses more 
allochthonous matter (Lehmann et al. 2002).   
The large watershed area:water surface area ratios in reservoirs (Kalff, 2002), as 
found in this study’s 4 Missouri impoundments, result in large allochthonous inputs 
relative to natural lakes (Roehl and Holeman, 1973).  Furthermore, river impoundments 
typically trap >80% of the sediments that flow into them (Mulholland and Elwood, 
1982).  Lehmann et al. (2002) suggested determination of organic matter sources based 
on OC/N ratios may be less accurate in natural lakes due to early sedimentary diagenesis.  
But diagenesis may pose less of an issue in impoundments due to their high 
sedimentation rates.         
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 The OC/N distribution maps for 3 of the 4 study reservoirs show high ratios at the 
inflow that decrease towards the dam to values <10 (Figure 21 through Figure 23).  In 
Jamesport, the pattern was low values at the inflow with an increase toward the dam.  
Most values were <10 (Figure 24 and Table 6).  Previous studies (Dean and Gorham, 
1998) generalized that organic matter in a lake or reservoir is mainly autochthonous.  
This study shows OC/N ratio values throughout each reservoir (Figure 21 through Figure 
24) which suggest that allochthonous inputs are a factor and enter largely from primary 
and secondary inflows.  Likely these inputs have largely settled out when water reaches 
the middle and near-dam sections of reservoirs.  If so, it suggests greater autochthonous 
influence on the sediments in down-reservoir locations.  Jamesport’s OC/N distribution 
(Figure 24), which diverges from this general pattern, is attributed to a secondary inflow 
playing a disproportionate role in bringing in allochthonous matter.  It may also be the 
result of the external organic matter influence being inundated by the extreme 
productivity of the water body (Chl = 140 μg/L; Table 1).  Another possible explanation 
for this phenomenon could be an allochthonous matter transport issue posed by the 
shallow water characteristics of Jamesport Lake, which has a mean depth of less than half 
that of any other reservoir (1.67 m in Jamesport versus 3.56 m in Lick Creek; Table 11). 
Some research suggests the relationship between sediment organic content and 
lake/reservoir trophic state is modest or non-existent (Rowan et al., 1992; Gorham et al., 
1974; Rowan and Kalff, 1992).  Other findings, however, show a positive relationship 
(Hakanson and Jansson, 1983; Rybak, 1969; Flannery et al., 1982).  Rowan et al. (1992) 
suggest an increase in the sedimentation of inorganic matter and a greater lake surface 
area leads to lower organic content and water content in profundal sediments.  If correct, 
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this process explains why Fayette Lake, with double the lake surface area of the next 
largest impoundment, has the lowest mean concentration of sediment organic carbon 
(Table 1 and Table 4).  Noting Lick Creek Lake and Fayette Lake, reservoirs in this study 
with higher trophic state levels do not necessarily have higher sediment OC 
concentrations (Table 1 and Table 4). 
Sedimentation rates in Fayette Lake are around 50% larger than the next highest 
value (2.47 cm/yr versus 1.64 cm/yr in Lick Creek Lake; Table 18).  Surprising is the 
apparent high degree of autochthonous input into the organic carbon stores in Fayette’s 
sediments, as the OC/N prediction map shows over 78% of the surficial layer’s area is 
made up of ratios <10 (Table 5 and Figure 21).  Unknown is whether allochthonous 
inputs are small in comparison to autochthonous processes, or concentrated in the upper, 
inflow reaches of the impoundment, or if high ratios are diluted with input of surrounding 
soils.  A definitive pattern of high reservoir surface area, high inorganic sedimentation 
rate, low trophic state and low OC content versus low reservoir surface area, low 
inorganic sedimentation rate, high trophic state and high OC content, however, does not 
hold across the 4 study reservoirs.  For instance, the smallest reservoir (Lick Creek Lake) 
has the second highest sedimentation rate, the lowest nutrient status and the second 
lowest mean OC content, while, Jamesport has the second largest lake area but lowest 
sedimentation rate and highest mean OC.  Simply, there is no overall, cross-system 
generalization which can be drawn from the literature that fits these 4 reservoirs.   
 Jones and Knowlton (2005) showed a positive correlation between TSS and %C 
in the Missouri streams feeding their reservoirs.  This relationship was attributed to 
increased erosion and runoff in watersheds impacted by agricultural practices.  It 
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therefore seems likely that catchment land-use and TSS are related when considering 
their potential influence on sediment OC and N in these reservoirs.  Yet, while there 
would have been some watershed disturbance due to agricultural practices such as crop-
production, there are actually only small amounts of cropland in the watersheds.  
Cropland is one of the agricultural practices most conducive to creating increased erosion 
and runoff, yet the greatest proportion of cropland in any watershed was 20% (Worth 
County), and Lick Creek had none.  Nonetheless, the comparison of these 4 
impoundments showed that waterbodies with greater proportions of cropland in the 
watershed do not always rank as having higher sediment OC and N concentrations 
(Figure 27). 
Jamesport had the highest TSS concentrations, and VSS concentrations double 
that of other reservoirs (Figure 26).  These characteristics could account for higher OC 
concentrations in the sediments.  And Worth County, with the next highest OC values, 
also has the next highest TSS values (Figure 26).  But the remaining reservoirs show that 
this simple ranking does not hold in this small sample; Lick Creek Lake has the lowest 
TSS, but higher sediment OC concentrations than Fayette.  A larger sample size would be 
required to determine regional, cross-system patterns.   
Primary objective #3 of this study was to determine optimal sampling number and 
location/approach for designing studies of OC and N in small impoundments located in 
the glacial till plains.  Two sampling approaches were examined to provide a first 
approximation when resources are limited but do not include an estimate of the 
confidence level of the results.  These approaches were evaluated to determine average 
OC and N in sediment with just one sample; the Average Water Depth Method with a 
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sample from mean water depth and the Center-point Approach, with a sample from a 
central location.  Both approaches estimate the median with less than 10% error in 14 out 
of 16 instances for the surficial sediment layer (Table 13).   
This research suggests that the best use of a single sample approach in these small 
reservoirs entails taking a sample near the center of the reservoir.  While the Center-point 
Approach posts better overall accuracy given the Mean-Depth Method’s relative 
inaccuracy in Jamesport Lake (the Mean-Depth Method yielded 38% and 36% error for 
OC and N, respectively; the Center-Point Approach yielded 0% and 5% errors for OC 
and N; Table 13), the location of a center-point may seem too arbitrary in a particular 
reservoir.  In such cases a combination of the center-point and average water depth 
methods may improve assessments using a single sample.   
The hybrid approach would use the lengthwise mid-line to retrieve a sample at the 
average depth along that transect.  Use of the lengthwise mid-line is recommended 
because there are likely many places a researcher could locate a mean depth around the 
periphery of the reservoir which may not estimate the median sediment variable values 
well.  A sample taken along the mid-line should approximate the median OC and N 
values more precisely given the linear increase of these sediment variables, as well as the 
general increase in depth, from in-flow toward dam in these reservoirs.  This method 
avoids having to locate a center-point in an irregularly shaped impoundment.  This 
method assumes an impoundment has a dominant, primary in-flow and a relatively 
simple shape.   
Few studies have estimated OC deposition rates in inland water bodies (natural 
lakes and reservoirs) (Mulholland and Elwood, 1982; Ritchie, 1989; Dean and Gorham, 
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1998; Cole et al. 2007; and Downing et al., 2008).  Most of these studies suggest such 
water bodies may play a role in OC deposition and processing that is underappreciated by 
the world community when calculating the global carbon budget.  Cole et al. (2007) 
states a primary objective of the global C budget as correctly characterizing the identity 
and magnitude of the significant components.  If small impoundments are a significant 
component of the C budget, a remaining question is how to accurately determine the 
magnitude of their role.   
To date, there are no standardized methods to calculate OC deposition rates in 
small impoundments.  Ritchie (1989) performed one of the first studies to analyze OC 
deposition in small reservoirs, but did not report the location of sediment collection, 
associated sampling error, or analytical error in determining OC concentration.  That 
study specified that three to ten samples were taken per reservoir, and that the fallout 
cesium-137 method was used to determine Sediment Accumulation Rate (SAR; cm/yr).  
Downing et al. (2008) in one of the most recent publications estimating OC burial, used 
the most accurate method available to calculate SAR (bathymetric survey), but only 
provided OC concentrations from the area of greatest deposition and other areas where 
sediment was deposited over the span of the survey.  It did not specify the number or 
density of sample collection.  Also, the study used an indirect method to calculate OC 
values (Loss-On-Ignition), with a resultant percent error of +45% to -30% in OC burial 
determination.   
To the author’s knowledge, no published study of small impoundments has used 
such an intensive sampling density (an average of 2.7 samples per hectare) to determine 
OC concentration, or used kriging and other statistical methods to assess sampling 
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procedures for small reservoirs.  From the kriged maps (Figure 13 through Figure 16), the 
general pattern of a steady increase of sediment OC from inflow towards dam is apparent.  
Stratified sampling produced important insights by showing that much variability in OC 
values exist even in individual stratum in any given reservoir (Table 14).  Stratified 
sampling analysis further showed that the portion of the reservoir requiring the most 
intense sampling effort varied between reservoirs (Table 15), with the dam portion 
potentially requiring the least sampling.  Yet the closeness of these results suggests a 
researcher cannot justifiably rely on prioritizing one section of the reservoir over another.   
These determinations regarding stratified sampling point towards simple random 
sampling (without replacement) as a suitable alternative.  A multiple sample approach 
should ideally improve the accuracy of recent studies.  Simple random sampling 
equations incorporated into an excel spreadsheet were used to calculate sample size at a 
given level of precision (Figure 30) using this study’s data (Appendix 1).  A key goal is 
to provide a relatively low percent error with sampling intensity that is practical for large, 
regional-scale inventories.  The report by Downing et al. (2008) is a seminal study on 
sediment OC burial which provides context for accuracy investigations.  In that study, the 
conversion of LOI values to OC values results in the equivalent of an analytical percent 
error of ±37.5% when calculating OC burial.  In contrast, a direct determination of OC 
content on the basis of percent dry sediment mass may be made.  This aids in minimizing 
laboratory analytical error.   
In this study, such a direct determination was done with a LECO C/N analyzer.  
As a result, an analytical percent error for sediment OC content of less than or equal to 
±2.2% was achieved.  Utilizing ArcGIS to select points for an SRS (without replacement) 
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regimen, we recommend that a sample number of 10 (or around 0.8 samples per hectare) 
be taken in plains region impoundments of the size range in this study.  This sampling 
density would be practical for larger-scale inventories while still assuring a reasonable 
accuracy level for a mean overall reservoir sediment OC concentration.  Combined 
sampling error plus analytical error associated with measurement of the sediment samples 
on the LECO analyzer should lead to a percent error for OC concentration less than or 
equal to ±28% based on the conglomerate impoundment total core data (Table 16; 
α=0.05).  This figure is less than analytical error alone (37.5%) in OC determination from 
Downing et al. (2008) and would be markedly less than the combination of the analytical 
and sampling error from the Downing study.  Thus, in comparison to the most recent, 
seminal study on OC burial, the determination of OC concentration by these methods 
would help deliver a definitive increase in accuracy.     
The ultimate goal in relating these reservoirs to the carbon budget is to measure 
OC deposition rate (Objective #4).  With a single sample approach, even if a researcher 
obtains a representative overall OC concentration for a given reservoir, the researcher 
must also estimate the sediment accumulation rate (SAR).  The soft sediment thickness 
technique (SSTT) used in the study can provide an estimate.  However, this study does 
not inform whether taking one SST measurement at the same location as the single core 
sample is a suitable approach.  SST measurements from points that were taken in the 
reservoirs suggest a range of possible values in each reservoir.  While bathymetric survey 
(Downing et al., 2008) circumvents this issue, it also requires specialized equipment to be 
used at least twice over a lengthy time interval that is outside the scope of most studies.   
The SSTT provides a cheap alternative to bathymetric survey provided some sediment 
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has already been deposited and the age of the reservoir is known.  An accurate 
assessment of SAR, however, may require 10 to 20 SST measurement points in similar 
small-sized impoundments (correspondence with Mark Brennar). 
To put the OC deposition from this study’s reservoirs in perspective, Downing et 
al. (2008) shows a table of compiled carbon burial rates for a variety of Earth’s 
ecosystems.  Although the agriculturally eutrophic impoundments in their study showed a 
mean or median OC burial rate of 2122 g m
-2
 yr
-1
, the mean OC carbon burial for 
impoundments in the United States in general was 350 g m
-2
 yr
-1
 with a range of 52 – 
2000 g OC m
-2
 yr
-1.  Values from this study’s 4 impoundments, with a mean OC burial 
rate of 237 g OC m
-2
 yr
-1
, are within this range but somewhat below average.  The rates 
are comparable and in range of observed values from other studies (Figure 31).  Notably, 
OC burial rates in the 4 study impoundments are lower than agricultural impoundments 
of a similar surface area, and higher than natural eutrophic and oligotrophic lakes of a 
similar surface area (Figure 31). 
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Conclusion and Implications 
 
 
 
Downing (2010) made the case that small ponds and lakes are more numerous 
than previously believed, and that they sequester carbon at rates orders-of-magnitude 
larger than essentially any other global ecosystem.  That study suggested the amount of 
carbon sequestration occurring in these systems may be on the same level or even higher 
than other ecosystems considered important to the carbon budget such as forests, 
grasslands, and oceans of the world.  The report by Downing et al. (2008) was 
revolutionary in terms of the attempt to provide regional values for small impoundments, 
and in providing implications for global up-scaling.  Yet, in light of this study, lack of 
standardized methods, as well as lack of known confidence levels regarding the accuracy 
of OC concentration determinations in previous studies make less certain the significance 
of the role of small-sized inland water bodies in the global carbon budget.   
As Downing (2010) further states:  ―Because society depends upon reliable global 
science, we need to derive numerical and statistical methods to ensure that global 
calculations are accurate and precise enough to be comparable to other global estimates.‖  
This study should caution future researchers and highlight that the first step towards 
accurate global calculations, in this context, is accurate calculation of OC burial in 
individual water-bodies.  This study advances that aim.  The accuracy of future studies on 
which the global significance of these water bodies’ contribution to the budget may be 
further judged, based, or extrapolated will benefit from the sampling recommendations 
outlined in this work.   
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For small reservoirs, a means by which a researcher may obtain a quick 
estimation of the median reservoir value for surficial sediment OC and N has been 
determined.  It was seen that the range of OC and N values can be quite expansive in a 
given reservoir, with a maximum to minimum difference of over 10-fold in one of the 
impoundments (Jamesport Lake).  Yet, the sediment variable distribution pattern is more 
or less predictable, with values increasing from inflow, down-reservoir toward the dam.  
Accordingly, the aforementioned quick estimate of the median OC and N value may be 
made by extracting a sample from near reservoir center-point.  When establishing center-
point seems arbitrary, the sample may be taken at average depth along the longitudinal 
mid-line of the reservoir (see Table 13 for method comparison).  The single sample 
approach may be used when resources are limited.  It could also potentially be used to 
double-check previously sampled reservoirs of similar size.  A consideration, however, is 
that even though a range of trophic state and land-cover characteristics in the watershed 
was accounted for by the 4 reservoir set, since reservoir shapes, flushing rates, and ages 
were kept similar, it is unknown from this study whether the variability in these latter 
characteristics would alter optimal single sample collection location.      
Although a single sample approach does not provide an error estimate, it may be 
useful in regional studies to estimate OC burial in small-sized impoundments.  The 
benefit of having a known level of confidence in the overall mean OC and N 
concentration determinations requires a multiple sample approach.  The results from this 
study suggest the collection of around 10 samples in small impoundments with a 
sampling density of around 0.8 samples per hectare.  In the case of this study’s data, 
analytical error combined with error from an SRS strategy provides percent error estimate 
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of ±28% for OC total core, combined reservoir data.  Therefore, this strategy allows for 
timely studies while providing accuracy and a known level of confidence. 
These recommendations apply to small impoundments in the Glacial Till Plains.  
Methodology for estimating average OC concentration in natural lakes may differ 
because of differences in watershed area to lake area ratios, hydrology, morphology, and 
sedimentation rates and patterns.  An analogous study of natural lakes/ponds would 
provide similar valuable information.  Furthermore, sampling recommendations in this 
study do not preclude development of more refined, accurate, and generalizable alternate 
methodologies for reservoirs.  Indeed, there is some evidence a longitudinal, uniform 
random sampling strategy may hold some promise but was beyond the scope of this 
investigation. 
 The OC burial rates for the 4 impoundments in this study were within the range of 
the Downing et al. (2008) study values previously determined for reservoirs in an 
adjacent region (the present study’s values ranging from 183 to 279 g OC m-2yr-1; Table 
18).  When possible, future studies should use the most accurate methodology for 
determining OC burial, which currently is dry combustion at 950ºC and detection by 
infrared analysis (LECO analysis) for OC concentration, SRS methodology, and 
bathymetric survey for SAR determination.  The remaining error, then, will be contingent 
on the accuracy of numerical and statistical methods used for regional and global up-
scaling estimates for these ecosystems.  A review study could be done to ensure that the 
error associated with existing or potential numerical and statistical methods for global 
estimate extrapolation, which are used in conjunction with an accepted OC burial 
estimation methodology for individual impoundments, results in accuracy on par with 
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estimates for OC burial in other global ecosystems already incorporated into the global 
carbon budget. 
 Again, the purpose of this study was to aid in the accuracy and efficiency of 
analyzing the role of small reservoirs in the global carbon budget.  Such analysis is time 
consuming, yet there should be an urgency to comprehend their role.  Improved and 
standardized methodologies will benefit future researchers who study such questions.  
More precise answers will be of greater assistance to the world community as it strives to 
better delineate the global carbon budget and the budget’s ramifications for global 
climate change in this new millennium.   
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           APPENDICES -- Appendix 1a.  Fayette Lake sediment data. 
Core ID 
Segment Part 
Top (cm)     Bottom 
(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
)  
DBD        WBD 
Wet Wt. (g/kg)   
N               C 
OC/N 
F1 0 5 0.17 1.55 1.70 15.5 0.62 1.40 0.76 6.89 9.11 
F1 5 15 0.16 1.51 1.62 15.1 0.69 1.46 0.77 7.15 9.32 
F1 15 25 0.14 1.13 1.36 11.3 0.77 1.49 0.70 5.85 8.33 
F1 25 35 0.10 1.06 1.03 10.6 0.89 1.56 0.59 6.04 10.29 
F2 0 5 0.18 1.54 1.77 15.4 0.57 1.30 0.78 6.80 8.70 
F2 5 15 0.14 1.27 1.37 12.7 0.76 1.46 0.71 6.59 9.24 
F2 15 25 0.13 1.10 1.34 11.0 0.81 1.52 0.72 5.86 8.14 
F2 25 31 0.13 1.13 1.34 11.3 0.95 1.58 0.81 6.79 8.43 
F3 0 5 0.22 1.88 2.16 18.8 0.44 1.30 0.73 6.34 8.72 
F3 5 15 0.22 1.81 2.20 18.1 0.49 1.30 0.82 6.79 8.24 
F3 15 25 0.19 1.49 1.94 14.9 0.52 1.31 0.77 5.93 7.70 
F3 25 35 0.15 1.26 1.54 12.6 0.67 1.37 0.75 6.13 8.16 
F4 0 5 0.24 2.01 2.38 20.1 0.39 1.27 0.74 6.22 8.43 
F4 5 15 0.24 1.93 2.43 19.3 0.46 1.29 0.87 6.91 7.94 
F4 15 25 0.22 1.73 2.18 17.3 0.47 1.29 0.78 6.21 7.91 
  
1
0
8
 
Core ID 
Segment Part 
Top (cm)     Bottom 
(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
)  
DBD        WBD 
Wet Wt. (g/kg)   
N               C 
OC/N 
F4 25 35 0.20 1.42 1.97 14.2 0.54 1.32 0.80 5.78 7.19 
F4 35 44 0.20 1.51 2.03 15.1 0.52 1.33 0.79 5.89 7.44 
F5 0 5 0.23 1.98 2.30 19.8 0.36 1.25 0.67 5.74 8.62 
F5 5 15 0.24 1.96 2.41 19.6 0.44 1.29 0.83 6.73 8.14 
F5 15 25 0.24 1.85 2.37 18.5 0.49 1.30 0.90 7.00 7.82 
F6 0 5 0.26 2.11 2.62 21.1 0.35 1.23 0.75 6.03 8.04 
F6 5 15 0.20 1.89 2.01 18.9 0.45 1.26 0.72 6.80 9.40 
F6 15 25 0.19 1.50 1.89 15.0 0.52 1.32 0.75 5.94 7.92 
F6 25 32 0.17 1.43 1.73 14.3 0.74 1.42 0.90 7.40 8.23 
F7 0 5 0.21 2.08 2.12 20.8 0.36 1.24 0.61 5.98 9.83 
F7 5 15 0.19 1.48 1.90 14.8 0.59 1.35 0.84 6.50 7.78 
F7 15 25 0.13 1.17 1.30 11.7 0.75 1.45 0.68 6.07 8.98 
F8 0 5 0.20 2.02 2.01 20.2 0.36 1.25 0.57 5.73 10.03 
F8 5 15 0.20 1.54 1.96 15.4 0.51 1.32 0.76 5.94 7.85 
F8 15 23 0.17 1.32 1.66 13.2 0.63 1.38 0.76 6.01 7.94 
F9 0 5 0.20 2.05 2.01 20.5 0.36 1.24 0.58 5.89 10.18 
  
1
0
9
 
Core ID 
Segment Part 
Top (cm)     Bottom 
(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
)  
DBD        WBD 
Wet Wt. (g/kg)   
N               C 
OC/N 
F9 5 15 0.20 1.67 1.95 16.7 0.48 1.29 0.72 6.15 8.53 
F9 15 25 0.18 1.35 1.77 13.5 0.62 1.34 0.82 6.25 7.61 
F9 25 30 0.17 1.22 1.70 12.2 0.58 1.25 0.79 5.68 7.16 
F10 0 5 0.24 1.93 2.35 19.3 0.38 1.25 0.72 5.90 8.20 
F10 5 15 0.17 1.51 1.73 15.1 0.56 1.35 0.72 6.27 8.71 
F10 15 25 0.17 1.24 1.66 12.4 0.72 1.42 0.84 6.29 7.46 
F10 25 29.5 0.11 0.99 1.09 9.9 0.83 1.50 0.60 5.48 9.09 
F11 0 5 0.23 2.23 2.31 22.3 0.30 1.22 0.57 5.53 9.63 
F11 5 15 0.25 2.00 2.46 20.0 0.40 1.25 0.78 6.34 8.12 
F11 15 25 0.20 1.51 2.03 15.1 0.42 1.25 0.69 5.12 7.40 
F11 25 35 0.20 1.48 2.01 14.8 0.50 1.29 0.78 5.73 7.33 
F11 35 39.5 0.20 1.51 1.98 15.1 0.54 1.32 0.82 6.21 7.59 
F12 0 5 0.27 2.28 2.73 22.8 0.32 1.22 0.71 5.96 8.34 
F12 5 15 0.23 1.96 2.29 19.6 0.44 1.27 0.79 6.75 8.58 
F12 15 25 0.21 1.60 2.11 16.0 0.43 1.25 0.73 5.54 7.55 
F12 25 35 0.19 1.57 1.93 15.7 0.45 1.23 0.71 5.75 8.09 
  
1
1
0
 
Core ID 
Segment Part 
Top (cm)     Bottom 
(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
)  
DBD        WBD 
Wet Wt. (g/kg)   
N               C 
OC/N 
F13 0 5 0.13 1.65 1.32 16.5 0.70 1.45 0.64 7.95 12.52 
F13 5 15 0.13 1.43 1.33 14.3 0.76 1.47 0.69 7.36 10.72 
F13 15 25 0.14 1.25 1.43 12.5 0.80 1.50 0.76 6.64 8.75 
F13 25 33 0.13 1.05 1.29 10.5 0.85 1.53 0.72 5.83 8.12 
F14 0 5 0.21 1.77 2.07 17.7 0.49 1.33 0.76 6.50 8.54 
F14 5 15 0.19 1.66 1.86 16.6 0.59 1.38 0.80 7.14 8.94 
F14 15 25 0.16 1.29 1.63 12.9 0.65 1.42 0.74 5.86 7.89 
F14 25 35 0.18 1.44 1.79 14.4 0.61 1.39 0.78 6.29 8.02 
F15 0 5 0.22 1.87 2.21 18.7 0.46 1.30 0.77 6.52 8.45 
F15 5 15 0.21 1.72 2.08 17.2 0.54 1.35 0.83 6.89 8.25 
F15 15 25 0.16 1.26 1.55 12.6 0.66 1.41 0.73 5.91 8.11 
F15 25 32 0.16 1.28 1.55 12.8 0.72 1.45 0.78 6.38 8.22 
F16 0 5 0.23 1.97 2.34 19.7 0.41 1.27 0.75 6.28 8.40 
F16 5 15 0.23 1.96 2.33 19.6 0.47 1.30 0.84 7.08 8.41 
F16 15 25 0.22 1.79 2.17 17.9 0.49 1.32 0.81 6.67 8.23 
F16 25 35 0.18 1.36 1.76 13.6 0.63 1.40 0.79 6.07 7.72 
  
1
1
1
 
Core ID 
Segment Part 
Top (cm)     Bottom 
(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
)  
DBD        WBD 
Wet Wt. (g/kg)   
N               C 
OC/N 
F16 35 41 0.15 1.30 1.55 13.0 0.70 1.44 0.75 6.28 8.38 
F17 0 5 0.25 2.08 2.46 20.8 0.36 1.24 0.71 5.98 8.42 
F17 5 15 0.26 2.05 2.62 20.5 0.44 1.30 0.90 7.01 7.80 
F17 15 25 0.23 1.91 2.32 19.1 0.47 1.30 0.83 6.86 8.24 
F17 25 35 0.20 1.42 1.96 14.2 0.53 1.32 0.78 5.65 7.22 
F17 35 45 0.21 1.52 2.07 15.2 0.52 1.34 0.81 5.90 7.32 
F18 0 5 0.21 2.12 2.13 21.2 0.34 1.22 0.60 5.93 9.95 
F18 5 15 0.22 2.08 2.24 20.8 0.42 1.25 0.75 6.99 9.27 
F18 15 25 0.20 1.80 1.99 18.0 0.44 1.26 0.70 6.27 9.02 
F18 25 35 0.16 1.39 1.60 13.9 0.53 1.30 0.65 5.65 8.68 
F19 0 5 0.24 2.16 2.35 21.6 0.33 1.22 0.63 5.83 9.19 
F19 5 15 0.22 2.07 2.21 20.7 0.41 1.26 0.72 6.76 9.36 
F19 15 25 0.23 1.93 2.31 19.3 0.44 1.27 0.80 6.66 8.36 
F19 25 35 0.18 1.41 1.83 14.1 0.51 1.29 0.73 5.61 7.69 
F19 35 42.5 0.20 1.51 2.02 15.1 0.49 1.27 0.79 5.87 7.46 
F20 0 5 0.28 2.26 2.83 22.6 0.33 1.21 0.76 6.07 7.97 
  
1
1
2
 
Core ID 
Segment Part 
Top (cm)     Bottom 
(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
)  
DBD        WBD 
Wet Wt. (g/kg)   
N               C 
OC/N 
F20 5 15 0.26 2.17 2.61 21.7 0.40 1.25 0.84 7.02 8.33 
F20 15 25 0.25 2.09 2.46 20.9 0.42 1.26 0.81 6.89 8.49 
F20 25 35 0.24 2.01 2.35 20.1 0.42 1.26 0.80 6.79 8.54 
F21 0 5 0.27 2.31 2.74 23.1 0.31 1.22 0.69 5.81 8.42 
F21 5 15 0.25 2.27 2.46 22.7 0.38 1.24 0.76 7.02 9.22 
F21 15 25 0.28 2.22 2.79 22.2 0.41 1.25 0.91 7.27 7.97 
F21 25 35 0.24 2.11 2.45 21.1 0.41 1.25 0.80 6.88 8.62 
F21 35 42.5 0.24 2.05 2.40 20.5 0.42 1.27 0.80 6.83 8.51 
F22 0 5 0.27 2.32 2.65 23.2 0.34 1.22 0.73 6.38 8.72 
F22 5 15 0.27 2.17 2.69 21.7 0.39 1.25 0.84 6.76 8.04 
F22 15 25 0.25 1.97 2.50 19.7 0.42 1.25 0.83 6.52 7.85 
F22 25 35 0.22 1.68 2.24 16.8 0.44 1.28 0.78 5.81 7.48 
F22 35 45 0.21 1.54 2.06 15.4 0.49 1.30 0.77 5.78 7.47 
F23 0 5 0.27 2.42 2.70 24.2 0.28 1.19 0.64 5.76 8.97 
F23 5 15 0.27 2.26 2.72 22.6 0.37 1.21 0.83 6.91 8.32 
F23 15 25 0.22 1.94 2.24 19.4 0.40 1.23 0.73 6.28 8.65 
  
1
1
3
 
Core ID 
Segment Part 
Top (cm)     Bottom 
(cm) 
avg% Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
)  
DBD        WBD 
Wet Wt. (g/kg)   
N               C 
OC/N 
F23 25 35 0.21 1.62 2.09 16.2 0.41 1.19 0.72 5.57 7.72 
F23 35 45 0.21 1.54 2.15 15.4 0.43 1.23 0.75 5.40 7.15 
F24 0 5 0.30 2.43 2.99 24.3 0.30 1.19 0.74 6.05 8.12 
F24 5 15 0.26 2.28 2.58 22.8 0.36 1.22 0.75 6.62 8.81 
F24 15 25 0.27 2.10 2.67 21.0 0.39 1.23 0.85 6.65 7.84 
F24 25 35 0.26 1.82 2.60 18.2 0.40 1.22 0.86 6.04 6.99 
F24 35 43 0.22 1.51 2.16 15.1 0.46 1.26 0.79 5.49 6.98 
F25 0 5 0.31 2.43 3.15 24.3 0.28 1.18 0.76 5.87 7.72 
F25 5 15 0.30 2.31 3.02 23.1 0.37 1.24 0.91 6.94 7.64 
F25 15 25 0.30 2.16 3.02 21.6 0.39 1.25 0.95 6.82 7.16 
F25 25 35 0.31 2.15 3.10 21.5 0.39 1.23 0.98 6.78 6.93 
F25 35 45 0.27 2.07 2.66 20.7 0.42 1.29 0.87 6.79 7.78 
F26 0 5 0.30 2.32 3.00 23.2 0.28 1.20 0.71 5.48 7.71 
F26 5 15 0.27 2.09 2.66 20.9 0.38 1.25 0.81 6.36 7.86 
F26 15 25 0.14 1.82 1.43 18.2 0.41 1.27 0.46 5.89 12.70 
F26 25 35 0.22 1.56 2.19 15.6 0.45 1.28 0.76 5.44 7.13 
  
1
1
4
 
Core ID 
Segment Part 
Top (cm)     Bottom 
(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
)  
DBD        WBD 
Wet Wt. (g/kg)   
N               C 
OC/N 
F26 35 45 0.19 1.59 1.93 15.9 0.46 1.29 0.69 5.63 8.19 
F26 45 51 0.21 1.61 2.13 16.1 0.45 1.29 0.75 5.65 7.56 
F28 0 5 0.18 1.74 1.77 17.4 0.45 1.33 0.60 5.87 9.80 
F28 5 15 0.14 1.41 1.39 14.1 0.83 1.52 0.75 7.63 10.16 
F29 0 5 0.24 2.67 2.39 26.7 0.48 1.31 0.87 9.65 11.14 
F29 5 15 0.22 3.30 2.21 33.0 0.64 1.40 1.02 15.16 14.93 
F29 15 23 0.21 2.80 2.07 28.0 0.70 1.44 1.01 13.69 13.55 
F30 0 5 0.29 2.31 2.90 23.1 0.30 1.21 0.73 5.77 7.94 
F30 5 15 0.29 2.26 2.92 22.6 0.41 1.27 0.95 7.36 7.71 
F30 15 25 0.25 2.12 2.53 21.2 0.45 1.29 0.88 7.41 8.38 
F30 25 35 0.26 1.99 2.58 19.9 0.47 1.30 0.94 7.24 7.70 
F30 35 43 0.26 1.94 2.64 19.4 0.50 1.32 1.00 7.34 7.34 
F31 0 5 0.29 2.55 2.89 25.5 0.30 1.19 0.73 6.43 8.82 
F31 5 15 0.23 2.56 2.30 25.6 0.42 1.27 0.76 8.47 11.12 
F31 15 25 0.27 2.28 2.68 22.8 0.48 1.31 0.98 8.29 8.49 
F31 25 35 0.25 2.07 2.47 20.7 0.50 1.32 0.93 7.80 8.36 
  
1
1
5
 
Core ID 
Segment Part 
Top (cm)     Bottom 
(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
)  
DBD        WBD 
Wet Wt. (g/kg)   
N               C 
OC/N 
F31 35 45 0.23 1.84 2.29 18.4 0.54 1.34 0.91 7.35 8.05 
F32 0 5 0.23 2.07 2.31 20.7 0.41 1.28 0.74 6.62 8.98 
F32 5 15 0.17 1.94 1.66 19.4 0.60 1.39 0.71 8.35 11.71 
F32 15 25 0.19 1.58 1.86 15.8 0.61 1.38 0.83 7.01 8.49 
F32 25 35 0.16 1.35 1.62 13.5 0.71 1.46 0.79 6.57 8.31 
F33 0 5 0.21 1.87 2.06 18.7 0.46 1.30 0.72 6.53 9.07 
F33 5 15 0.20 1.73 2.02 17.3 0.56 1.35 0.84 7.17 8.55 
F33 15 25 0.19 1.58 1.94 15.8 0.58 1.36 0.83 6.74 8.16 
F33 25 35 0.17 1.25 1.73 12.5 0.64 1.41 0.78 5.64 7.24 
F33 35 45 0.18 1.45 1.77 14.5 0.62 1.39 0.79 6.42 8.16 
F34 0 5 0.20 1.81 2.00 18.1 0.55 1.35 0.82 7.39 9.04 
F34 5 15 0.12 1.43 1.22 14.3 0.87 1.55 0.68 8.02 11.71 
F34 15 25 0.14 1.75 1.37 17.5 0.92 1.59 0.79 10.10 12.77 
F35 0 5 0.19 1.92 1.92 19.2 0.45 1.31 0.66 6.55 9.95 
F35 5 15 0.20 1.66 1.96 16.6 0.59 1.37 0.84 7.10 8.45 
F35 15 25 0.16 1.35 1.60 13.5 0.64 1.42 0.72 6.07 8.40 
  
1
1
6
 
Core ID 
Segment Part 
Top (cm)     Bottom 
(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
)  
DBD        WBD 
Wet Wt. (g/kg)   
N               C 
OC/N 
F35 25 35 0.15 1.32 1.45 13.2 0.68 1.39 0.71 6.42 9.08 
F36 0 5 0.13 1.39 1.33 13.9 0.85 1.53 0.74 7.71 10.43 
F36 5 15 0.15 1.72 1.48 17.2 0.90 1.55 0.86 9.94 11.59 
F37 0 5 0.12 1.59 1.18 15.9 0.76 1.46 0.61 8.21 13.52 
F37 5 15 0.12 1.60 1.25 16.0 0.89 1.54 0.72 9.20 12.79 
F37 15 21 0.14 1.46 1.38 14.6 0.90 1.56 0.79 8.36 10.54 
F38 0 5 0.18 1.70 1.77 17.0 0.64 1.41 0.80 7.72 9.62 
F38 5 15 0.15 1.61 1.47 16.1 0.83 1.50 0.81 8.89 10.94 
F38 15 21.5 0.13 1.43 1.31 14.3 0.92 1.56 0.77 8.39 10.89 
F39 0 5 0.13 1.42 1.25 14.2 0.88 1.56 0.71 8.02 11.29 
F39 5 15 0.13 1.47 1.27 14.7 0.92 1.57 0.75 8.61 11.55 
F39 15 19 0.13 1.51 1.31 15.1 0.91 1.55 0.77 8.88 11.51 
F41 0 5 0.23 2.01 2.29 20.1 0.36 1.23 0.68 5.94 8.76 
F41 5 15 0.18 1.44 1.85 14.4 0.55 1.33 0.76 5.93 7.80 
F41 15 25 0.15 1.53 1.55 15.3 0.54 1.32 0.63 6.21 9.86 
F41 25 28 0.19 2.25 1.85 22.5 0.86 1.55 1.03 12.50 12.12 
  
1
1
7
 
 
Core ID 
Segment Part 
Top (cm)     Bottom 
(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
)  
DBD        WBD 
Wet Wt. (g/kg)   
N               C 
OC/N 
F42A 0 5 0.29 2.25 2.88 22.5 0.28 1.18 0.68 5.31 7.78 
F42A 5 15 0.27 2.07 2.66 20.7 0.39 1.24 0.82 6.40 7.75 
F42A 15 25 0.22 1.69 2.20 16.9 0.44 1.27 0.77 5.89 7.66 
F42A 25 35 0.20 1.58 2.03 15.8 0.45 1.28 0.70 5.48 7.78 
F42A 35 45 0.17 1.34 1.75 13.4 0.54 1.33 0.71 5.44 7.64 
F42B 0 5 0.27 2.14 2.72 21.4 0.31 1.20 0.70 5.47 7.87 
F42B 5 15 0.24 1.85 2.41 18.5 0.42 1.26 0.81 6.20 7.69 
F42B 15 25 0.20 1.54 2.01 15.4 0.45 1.27 0.71 5.39 7.63 
F42B 25 35 0.19 1.41 1.86 14.1 0.57 1.34 0.80 6.01 7.54 
F42B 35 45 0.18 1.31 1.83 13.1 0.48 1.28 0.69 4.90 7.14 
F42C 0 5 0.27 2.10 2.67 21.0 0.33 1.20 0.73 5.71 7.88 
F42C 5 15 0.23 1.83 2.29 18.3 0.43 1.28 0.77 6.15 7.96 
F42C 15 25 0.20 1.48 1.99 14.8 0.48 1.29 0.74 5.45 7.40 
F42C 25 35 0.18 1.34 1.83 13.4 0.66 1.39 0.87 6.39 7.34 
F42C 35 42 0.17 1.16 1.69 11.6 0.53 1.31 0.69 4.71 6.84 
  
1
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  Appendix 1b.  Jamesport Lake sediment data. 
Core ID 
Segment Part 
Top(cm)    
Bottom(cm) 
Avg % Dry 
Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density (g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
J1 0 5 0.13 1.05 1.35 10.5 0.88 1.57 0.75 5.86 7.78 
J1 5 15 0.09 0.87 0.91 8.7 1.50 1.94 0.70 6.71 9.56 
J2 0 5 0.28 2.64 2.78 26.4 0.42 1.28 0.91 8.60 9.47 
J2 5 15 0.19 2.35 1.92 23.5 0.77 1.46 1.01 12.36 12.18 
J2 15 20 0.20 2.05 1.99 20.5 0.91 1.59 1.14 11.72 10.28 
J3 0 5 0.49 4.66 4.89 46.6 0.25 1.18 1.03 9.82 9.52 
J3 5 15 0.32 3.76 3.21 37.6 0.44 1.29 1.11 12.96 11.69 
J3 15 20 0.27 3.33 2.66 33.3 0.78 1.50 1.38 17.32 12.51 
J4 0 5 0.54 5.34 5.41 53.4 0.21 1.16 0.99 9.76 9.87 
J4 5 15 0.47 4.56 4.71 45.6 0.29 1.20 1.16 11.21 9.69 
J4 15 25 0.31 3.50 3.09 35.0 0.55 1.34 1.27 14.41 11.30 
J5 0 5 0.61 6.13 6.08 61.3 0.18 1.14 0.98 9.88 10.09 
J5 5 15 0.41 4.86 4.11 48.6 0.27 1.19 0.94 11.15 11.82 
J5 15 25 0.21 2.24 2.11 22.4 0.72 1.46 1.05 11.05 10.57 
J6 0 5 0.71 7.29 7.12 72.9 0.14 1.09 0.89 9.07 10.23 
  
1
1
9
 
Core ID 
Segment Part 
Top(cm)    
Bottom(cm) 
Avg % Dry 
Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density (g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
J6 5 15 0.65 6.44 6.46 64.4 0.21 1.13 1.17 11.67 9.96 
J6 15 25 0.54 5.09 5.38 50.9 0.27 1.17 1.22 11.57 9.46 
J6 25 35 0.41 4.33 4.12 43.3 0.29 1.20 1.01 10.56 10.50 
J6 35 45 0.38 3.97 3.79 39.7 0.47 1.29 1.38 14.47 10.47 
J7 0 5 0.88 7.92 8.76 79.2 0.14 1.11 1.07 9.70 9.03 
J7 5 15 0.68 6.34 6.79 63.4 0.20 1.13 1.21 11.30 9.34 
J7 15 25 0.54 5.05 5.41 50.5 0.24 1.15 1.13 10.51 9.33 
J7 25 35 0.44 4.36 4.37 43.6 0.28 1.18 1.05 10.51 9.97 
J7 35 45 0.28 3.57 2.83 35.7 0.36 1.22 0.84 10.53 12.59 
J7 45 50 0.31 3.34 3.11 33.4 0.45 1.28 1.10 11.84 10.72 
J8 0 5 0.65 6.74 6.48 67.4 0.15 1.12 0.88 9.14 10.40 
J8 5 15 0.50 5.28 5.02 52.8 0.22 1.15 0.98 10.27 10.52 
J8 15 25 0.37 3.95 3.75 39.5 0.31 1.19 0.98 10.38 10.55 
J8 25 31.5 0.28 2.98 2.76 29.8 0.68 1.40 1.35 14.53 10.80 
J9 0 5 0.77 7.66 7.73 76.6 0.15 1.14 1.01 10.02 9.90 
  
1
2
0
 
Core ID 
Segment Part 
Top(cm)    
Bottom(cm) 
Avg % Dry 
Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density (g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
J9 5 15 0.57 5.85 5.69 58.5 0.21 1.14 1.04 10.72 10.29 
J9 15 25 0.44 4.42 4.41 44.2 0.27 1.17 1.02 10.19 10.02 
J9 25 30 0.33 3.44 3.28 34.4 0.35 1.22 0.95 9.95 10.47 
J10 0 5 0.30 2.56 2.96 25.6 0.51 1.32 1.14 9.84 8.64 
J10 5 15 0.17 1.60 1.71 16.0 1.06 1.65 1.10 10.28 9.36 
J10 15 17.5 0.12 1.38 1.22 13.8 1.29 1.73 0.91 10.32 11.33 
J11 0 5 0.36 3.38 3.58 33.8 0.38 1.24 1.09 10.33 9.44 
J12 0 5 0.42 4.18 4.25 41.8 0.29 1.20 1.02 9.99 9.83 
J12 5 15 0.21 2.05 2.05 20.5 0.69 1.43 1.00 9.97 10.00 
J13 0 5 0.46 4.67 4.58 46.7 0.25 1.17 0.96 9.79 10.18 
J13 5 15 0.35 3.60 3.54 36.0 0.44 1.27 1.22 12.37 10.17 
J13 15 25 0.21 2.67 2.12 26.7 0.79 1.47 1.13 14.25 12.58 
J14 0 5 0.59 5.43 5.91 54.3 0.21 1.13 1.10 10.10 9.18 
J14 5 15 0.46 4.37 4.57 43.7 0.33 1.21 1.23 11.79 9.55 
J14 15 25 0.33 3.46 3.29 34.6 0.61 1.35 1.48 15.60 10.51 
  
1
2
1
 
Core ID 
Segment Part 
Top(cm)    
Bottom(cm) 
Avg % Dry 
Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density (g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
J15 0 5 0.70 6.59 7.03 65.9 0.16 1.10 1.04 9.74 9.36 
J15 5 15 0.56 5.69 5.58 56.9 0.24 1.15 1.19 12.10 10.18 
J15 15 25 0.41 4.16 4.06 41.6 0.32 1.20 1.09 11.18 10.23 
J15 25 33 0.24 2.74 2.40 27.4 0.87 1.52 1.37 15.61 11.41 
J16 0 5 0.77 7.22 7.71 72.2 0.15 1.09 1.09 10.19 9.37 
J16 5 15 0.57 5.77 5.69 57.7 0.21 1.14 1.06 10.73 10.14 
J16 15 25 0.47 4.41 4.65 44.1 0.27 1.16 1.09 10.35 9.47 
J16 25 35 0.37 3.97 3.66 39.7 0.35 1.22 1.05 11.40 10.82 
J16 35 39 0.25 3.29 2.47 32.9 0.90 1.53 1.44 19.19 13.32 
J17 0 5 0.83 7.59 8.35 75.9 0.13 1.10 1.00 9.11 9.09 
J17 5 15 0.62 5.98 6.19 59.8 0.20 1.13 1.09 10.49 9.66 
J17 15 25 0.44 4.44 4.39 44.4 0.27 1.17 1.02 10.27 10.11 
J17 25 33 0.36 3.75 3.55 37.5 0.35 1.22 1.02 10.72 10.55 
J18 0 5 0.79 7.90 7.91 79.0 0.13 1.08 0.96 9.59 9.98 
J18 5 15 0.63 5.94 6.32 59.4 0.20 1.12 1.11 10.44 9.40 
  
1
2
2
 
Core ID 
Segment Part 
Top(cm)    
Bottom(cm) 
Avg % Dry 
Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density (g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
J18 15 25 0.44 4.34 4.37 43.4 0.30 1.17 1.12 11.15 9.92 
J18 25 34 0.25 2.78 2.50 27.8 0.81 1.50 1.35 14.94 11.10 
J19 0 5 0.81 7.64 8.07 76.4 0.15 1.09 1.13 10.72 9.47 
J19 5 15 0.67 6.32 6.70 63.2 0.23 1.14 1.32 12.49 9.44 
J19 15 25 0.44 4.42 4.41 44.2 0.28 1.17 1.05 10.54 10.02 
J19 25 35 0.46 4.90 4.65 49.0 0.32 1.19 1.25 13.19 10.53 
J19 35 45 0.47 4.73 4.69 47.3 0.32 1.18 1.27 12.77 10.07 
J20 0 5 0.64 6.60 6.38 66.0 0.16 1.11 0.93 9.63 10.34 
J20 5 15 0.48 4.70 4.77 47.0 0.27 1.18 1.09 10.75 9.85 
J20 15 22 0.17 1.41 1.68 14.1 0.98 1.61 1.02 8.58 8.41 
J21 0 5 0.32 3.67 3.19 36.7 0.33 1.22 0.87 10.04 11.52 
J21 5 10 0.08 1.88 0.79 18.8 1.07 1.65 0.52 12.20 23.67 
J22 0 5 0.64 6.18 6.44 61.8 0.18 1.12 1.04 9.97 9.59 
J22 5 15 0.57 5.72 5.73 57.2 0.24 1.15 1.19 11.86 9.98 
J22 15 23.5 0.20 2.33 1.95 23.3 0.72 1.42 0.99 11.84 11.92 
  
1
2
3
 
Core ID 
Segment Part 
Top(cm)    
Bottom(cm) 
Avg % Dry 
Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density (g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
J23 0 5 0.80 7.89 7.99 78.9 0.13 1.09 0.96 9.44 9.87 
J23 5 15 0.67 6.62 6.68 66.2 0.18 1.13 1.09 10.85 9.91 
J23 15 25 0.46 4.87 4.64 48.7 0.26 1.17 1.02 10.73 10.48 
J23 25 35 0.39 4.24 3.91 42.4 0.29 1.18 0.97 10.55 10.83 
J23 35 45 0.30 3.22 2.99 32.2 0.63 1.38 1.37 14.72 10.76 
J24 0 5 0.77 7.32 7.72 73.2 0.16 1.11 1.11 10.49 9.48 
J24 5 15 0.51 5.50 5.08 55.0 0.25 1.16 1.08 11.65 10.83 
J24 15 25 0.40 4.44 3.96 44.4 0.30 1.18 1.00 11.20 11.21 
J24 25 35 0.34 3.81 3.36 38.1 0.34 1.20 0.96 10.88 11.32 
J24 35 45 0.29 3.11 2.91 31.1 0.46 1.28 1.04 11.12 10.69 
J24 45 54.5 0.17 1.79 1.70 17.9 0.67 1.41 0.81 8.54 10.51 
J25 0 5 0.18 1.76 1.84 17.6 0.59 1.37 0.79 7.55 9.56 
J25 5 15 0.15 1.75 1.51 17.5 0.86 1.55 0.84 9.71 11.55 
J25 15 19.5 0.12 1.56 1.24 15.6 1.23 1.76 0.87 10.88 12.54 
J26 0 5 0.49 5.07 4.87 50.7 0.23 1.15 0.97 10.14 10.42 
  
1
2
4
 
Core ID 
Segment Part 
Top(cm)    
Bottom(cm) 
Avg % Dry 
Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density (g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
J26 5 14.5 0.21 2.08 2.10 20.8 0.92 1.56 1.24 12.21 9.88 
J27 0 5 0.08 0.65 0.83 6.5 1.20 1.75 0.57 4.46 7.85 
J27 5 15 0.07 0.74 0.72 7.4 1.27 1.79 0.52 5.27 10.22 
J28 0 5 0.55 6.10 5.54 61.0 0.18 1.10 0.91 9.96 11.00 
J28 5 15 0.44 4.86 4.43 48.6 0.28 1.18 1.05 11.55 10.96 
J28 15 25 0.36 3.89 3.56 38.9 0.34 1.19 1.01 11.05 10.93 
J28 25 35 0.18 2.39 1.80 23.9 0.81 1.50 0.98 12.93 13.25 
J29 0 5 0.38 3.61 3.80 36.1 0.39 1.28 1.15 10.88 9.49 
J29 5 9 0.11 1.34 1.08 13.4 1.26 1.78 0.77 9.48 12.37 
J30 0 5 0.67 6.84 6.73 68.4 0.15 1.11 0.92 9.30 10.16 
J30 5 15 0.47 5.12 4.75 51.2 0.26 1.16 1.05 11.29 10.77 
J30 15 25 0.32 3.27 3.22 32.7 0.40 1.25 1.03 10.44 10.13 
J30 25 31.5 0.30 3.99 3.05 39.9 0.81 1.47 1.68 21.98 13.09 
J31 0 5 0.74 7.71 7.41 77.1 0.14 1.09 0.93 9.66 10.40 
J31 5 15 0.56 6.18 5.59 61.8 0.20 1.13 0.99 10.91 11.06 
  
1
2
5
 
Core ID 
Segment Part 
Top(cm)    
Bottom(cm) 
Avg % Dry 
Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density (g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
J31 15 25 0.44 4.75 4.36 47.5 0.26 1.15 0.96 10.49 10.88 
J31 25 35 0.38 4.71 3.81 47.1 0.34 1.21 1.07 13.25 12.37 
J31 35 41 0.38 3.79 3.80 37.9 0.67 1.41 1.80 17.99 9.98 
J32A 0 5 0.81 7.26 8.13 72.6 0.14 1.11 1.00 8.96 8.92 
J32A 5 15 0.63 6.09 6.30 60.9 0.20 1.14 1.11 10.76 9.66 
J32A 15 25 0.49 4.79 4.90 47.9 0.25 1.16 1.07 10.45 9.77 
J32A 25 35 0.43 4.25 4.33 42.5 0.28 1.17 1.03 10.16 9.82 
J32A 35 42 0.27 3.18 2.72 31.8 0.70 1.41 1.35 15.81 11.67 
J32B 0 5 0.78 7.21 7.79 72.1 0.15 1.10 
  
9.25 
J32B 5 15 0.63 6.18 6.34 61.8 0.21 1.14 
  
9.73 
J32B 15 25 0.53 5.18 5.30 51.8 0.24 1.15 
  
9.78 
J32B 25 35 0.46 4.52 4.61 45.2 0.27 1.15 
  
9.80 
J32B 35 41.5 0.30 3.42 2.99 34.2 0.69 1.40 
  
11.44 
J32C 0 5 0.76 7.04 7.63 70.4 0.15 1.11 
  
9.22 
J32C 5 15 0.61 5.97 6.10 59.7 0.21 1.16 
  
9.78 
  
1
2
6
 
Core ID 
Segment Part 
Top(cm)    
Bottom(cm) 
Avg % Dry 
Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density (g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
J32C 15 25 0.47 4.66 4.75 46.6 0.27 1.16 
  
9.81 
J32C 25 35 0.38 4.00 3.84 40.0 0.43 1.25 
  
10.41 
J32C 35 38 0.28 3.68 2.82 36.8 
    
13.02 
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Appendix 1c.  Lick Creek Lake sediment data. 
Core 
ID 
Segment Part 
Top (cm)   Bottom 
(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. 
(g/kg) 
N              C 
Bulk Density 
(g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
LC1 0 5 0.56 4.98 5.64 49.8 0.16 1.12 0.83 7.3 8.87 
LC1 5 15 0.41 3.85 4.11 38.5 0.28 1.17 0.99 9.3 9.39 
LC1 15 25 0.14 1.41 1.43 14.1 0.77 1.48 0.76 7.4 9.73 
LC2 0 5 0.53 4.96 5.29 49.6 0.21 1.12 1.00 9.3 9.31 
LC2 5 15 0.48 4.31 4.84 43.1 0.27 1.17 1.12 10.1 9.00 
LC2 15 25 0.12 1.05 1.18 10.5 0.82 1.53 0.62 5.8 9.31 
LC3 0 5 0.54 4.77 5.38 47.7 0.21 1.14 0.99 8.6 8.72 
LC3 5 15 0.49 4.47 4.89 44.7 0.25 1.15 1.08 9.8 9.13 
LC3 15 25 0.20 1.90 2.03 19.0 0.56 1.35 0.82 7.8 9.49 
LC4 0 5 0.49 4.36 4.91 43.6 0.23 1.14 1.00 8.8 8.83 
LC4 5 15 0.47 4.15 4.67 41.5 0.28 1.16 1.12 10.0 8.94 
LC4 15 25 0.25 3.07 2.46 30.7 0.45 1.26 0.89 10.7 11.98 
LC4 25 31.5 0.24 2.96 2.41 29.6 0.74 1.46 1.25 15.0 11.95 
LC5 0 5 0.44 4.10 4.36 41.0 0.24 1.16 0.88 8.4 9.51 
LC5 5 15 0.34 3.29 3.43 32.9 0.34 1.20 0.99 9.4 9.47 
  
1
2
8
 
Core 
ID 
Segment Part 
Top (cm)   Bottom 
(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. 
(g/kg) 
N              C 
Bulk Density 
(g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
LC5 15 25 0.20 2.39 2.03 23.9 0.88 1.53 1.19 14.0 11.77 
LC5 25 28 0.25 2.58 2.51 25.8 0.53 1.31 0.99 10.4 10.45 
LC6 0 5 0.38 3.56 3.84 35.6 0.27 1.18 0.84 7.9 9.49 
LC6 5 15 0.23 2.28 2.29 22.8 0.57 1.32 1.02 9.8 9.69 
LC6 15 23.5 0.08 0.97 0.85 9.7 1.36 1.83 0.60 7.2 11.91 
LC7 0 5 0.29 3.04 2.93 30.4 0.37 1.24 0.84 9.0 10.76 
LC7 5 15 0.20 2.18 1.95 21.8 0.67 1.41 0.93 10.1 10.93 
LC7 15 25 0.22 2.44 2.16 24.4 0.71 1.41 1.14 12.6 11.09 
LC8 0 5 0.24 2.75 2.43 27.5 0.47 1.30 0.89 10.0 11.25 
LC8 5 15 0.23 2.91 2.32 29.1 0.63 1.37 1.06 13.5 12.74 
LC8 15 25 0.20 2.63 2.03 26.3 0.69 1.41 1.04 14.2 13.64 
LC9 0 5 0.51 4.94 5.05 49.4 0.19 1.13 0.79 8.1 10.25 
LC9 5 15 0.35 3.27 3.47 32.7 0.32 1.19 0.93 8.9 9.50 
LC9 15 20 0.08 1.12 0.83 11.2 1.12 1.71 0.51 7.5 14.67 
LC10 0 5 0.53 4.81 5.30 48.1 0.17 1.12 0.82 7.5 9.11 
  
1
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9
 
Core 
ID 
Segment Part 
Top (cm)   Bottom 
(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. 
(g/kg) 
N              C 
Bulk Density 
(g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
LC10 5 15 0.26 2.52 2.59 25.2 0.59 1.37 1.06 10.6 9.95 
LC11A 0 5 0.56 4.91 5.60 49.1 0.20 1.13 0.98 8.8 8.95 
LC11A 5 15 0.51 4.61 5.14 46.1 0.25 1.15 1.10 9.9 9.01 
LC11A 15 24 0.19 2.46 1.91 24.6 0.84 1.52 1.09 13.2 12.15 
LC11B 0 5 0.54 4.66 5.39 46.6 0.20 1.13 0.96 8.2 8.57 
LC11B 5 15 0.49 4.21 4.88 42.1 0.26 1.15 1.09 9.5 8.72 
LC11B 15 21 0.21 2.63 2.12 26.3 0.75 1.46 1.03 13.7 13.36 
LC11C 0 5 0.54 4.58 5.41 45.8 0.21 1.12 1.02 8.4 8.31 
LC11C 5 15 0.51 4.49 5.10 44.9 0.27 1.15 1.17 10.6 9.00 
LC11C 15 25 0.20 2.04 1.95 20.4 0.68 1.42 0.93 9.7 10.40 
LC11C 25 33 0.44 3.92 4.44 39.2 0.29 1.16 1.09 9.7 8.94 
LC12 0 5 0.42 3.87 4.17 38.7 0.25 1.16 0.91 8.4 9.24 
LC12 5 14 0.17 1.60 1.69 16.0 0.68 1.43 0.82 7.7 9.42 
LC13 0 5 0.36 2.98 3.58 29.8 0.28 1.17 0.79 6.7 8.45 
LC13 5 15 0.05 0.71 0.48 7.1 1.43 1.88 0.37 5.4 14.69 
  
1
3
0
 
Core 
ID 
Segment Part 
Top (cm)   Bottom 
(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. 
(g/kg) 
N              C 
Bulk Density 
(g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
LC14 0 5 0.40 3.76 4.00 37.6 0.26 1.18 0.89 8.4 9.45 
LC14 5 15 0.18 1.83 1.78 18.3 0.50 1.31 0.65 6.9 10.60 
LC14 15 17 0.13 1.90 1.34 19.0 1.02 1.63 0.87 11.7 13.52 
LC15 0 5 0.44 4.60 4.37 46.0 0.26 1.17 0.95 9.9 10.43 
LC15 5 15 0.16 1.67 1.63 16.7 0.73 1.45 0.79 8.3 10.47 
LC15 15 23.5 0.06 0.86 0.62 8.6 1.46 1.91 0.49 6.6 13.48 
LC16 0 5 0.32 3.57 3.23 35.7 0.36 1.22 0.93 10.6 11.32 
LC16 5 15 0.25 2.93 2.48 29.3 0.55 1.34 0.95 11.5 12.10 
LC16 15 21 0.12 1.46 1.20 14.6 1.18 1.75 0.80 9.7 12.18 
LC17 0 5 0.22 2.76 2.25 27.6 0.53 1.33 0.88 10.9 12.37 
LC17 5 15 0.27 3.22 2.73 32.2 0.58 1.39 1.13 13.4 11.85 
LC17 15 25 0.24 2.70 2.37 27.0 0.61 1.37 1.06 12.1 11.42 
LC18 0 5 0.74 6.98 7.44 69.8 0.13 1.08 0.89 8.3 9.37 
LC18 5 13 0.09 0.86 0.85 8.6 1.06 1.65 0.57 5.6 9.77 
LC19 0 5 0.51 4.65 5.06 46.5 0.20 1.12 0.92 8.7 9.38 
  
1
3
1
 
Core 
ID 
Segment Part 
Top (cm)   Bottom 
(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. 
(g/kg) 
N              C 
Bulk Density 
(g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
LC19 5 15 0.49 4.51 4.91 45.1 0.24 1.13 1.04 9.6 9.26 
LC19 15 25 0.32 2.78 3.16 27.8 0.36 1.22 0.91 8.1 8.88 
LC19 25 31.5 0.31 2.70 3.10 27.0 0.45 1.27 1.09 9.6 8.77 
LC20 0 5 0.14 1.78 1.43 17.8 0.85 1.54 0.78 10.4 13.23 
LC20 5 10 0.09 0.98 0.94 9.8 1.40 1.87 0.71 7.4 10.38 
LC21 0 5 0.53 5.36 5.31 53.6 0.19 1.14 0.90 9.1 10.10 
LC21 5 15 0.13 1.55 1.33 15.5 0.98 1.61 0.87 9.6 11.08 
LC21 15 17.5 0.11 1.43 1.15 14.3 1.21 1.76 0.80 9.8 12.26 
LC22 0 5 0.41 3.99 4.15 39.9 0.24 1.16 0.87 8.4 9.61 
LC22 5 15 0.39 3.57 3.86 35.7 0.32 1.21 1.05 9.6 9.11 
LC22 15 25 0.12 1.28 1.15 12.8 0.92 1.58 0.68 7.5 11.07 
LC22 25 35 0.07 0.94 0.70 9.4 1.35 1.85 0.55 7.1 12.97 
LC23 0 5 0.20 2.31 2.02 23.1 0.48 1.32 0.75 8.6 11.53 
LC23 5 15 0.23 2.31 2.27 23.1 0.66 1.41 1.03 10.7 10.37 
LC23 15 25 0.23 2.41 2.35 24.1 0.56 1.35 0.99 10.1 10.20 
  
1
3
2
 
Core 
ID 
Segment Part 
Top (cm)   Bottom 
(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. 
(g/kg) 
N              C 
Bulk Density 
(g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
LC23 25 30 0.10 0.86 1.02 8.6 1.02 1.62 0.62 5.2 8.45 
LC24 0 5 0.47 4.51 4.69 45.1 0.19 1.13 0.81 7.7 9.61 
LC24 5 13 0.12 1.23 1.16 12.3 0.98 1.61 0.67 7.1 10.60 
LC25 0 5 0.56 4.94 5.59 49.4 0.20 1.12 0.98 8.7 8.86 
LC25 5 15 0.39 3.60 3.90 36.0 0.28 1.15 0.95 8.8 9.34 
LC26 0 5 0.62 6.41 6.15 64.1 0.19 1.11 1.05 11.0 10.50 
LC26 5 15 0.57 5.10 5.74 51.0 0.26 1.15 1.33 11.7 8.74 
LC26 15 25 0.15 1.76 1.53 17.6 0.69 1.42 0.73 7.4 10.07 
LC27 0 5 0.47 4.37 4.72 43.7 0.20 1.13 0.83 7.9 9.42 
LC27 5 15 0.37 3.74 3.71 37.4 0.30 1.19 0.96 9.5 9.90 
LC27 15 22.5 0.15 1.57 1.52 15.7 0.57 1.36 0.62 6.7 10.65 
LC28 0 5 0.49 4.90 4.89 49.0 0.19 1.13 0.82 8.2 9.95 
LC28 5 15 0.28 2.88 2.79 28.8 0.48 1.29 1.04 10.6 10.17 
LC28 15 25 0.10 1.08 0.97 10.8 1.12 1.68 0.66 7.2 10.88 
LC29 0 5 0.35 4.13 3.46 41.3 0.31 1.20 0.90 10.8 11.96 
  
1
3
3
 
Core 
ID 
Segment Part 
Top (cm)   Bottom 
(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. 
(g/kg) 
N              C 
Bulk Density 
(g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
LC29 5 15 0.09 1.13 0.89 11.3 0.72 1.43 0.47 5.7 12.01 
LC29 15 18.5 0.05 0.76 0.47 7.6 1.43 1.89 0.37 5.7 15.25 
LC30 0 5 0.50 4.53 5.00 45.3 0.19 1.12 0.83 7.7 9.23 
LC30 5 15 0.30 2.87 2.98 28.7 0.37 1.23 0.89 8.7 9.67 
LC30 15 25 0.17 1.55 1.73 15.5 0.64 1.40 0.78 7.0 8.95 
LC31 0 5 0.29 3.34 2.94 33.4 0.37 1.23 0.91 10.3 11.34 
LC31 5 15 0.26 2.76 2.60 27.6 0.52 1.32 0.99 10.9 10.99 
LC31 15 22 0.22 2.39 2.23 23.9 0.66 1.40 1.07 11.2 10.44 
LC32 0 5 0.42 4.22 4.17 42.2 0.22 1.15 0.81 8.1 10.09 
LC32 5 13 0.15 1.70 1.46 17.0 0.80 1.50 0.76 9.0 11.90 
 
 
 
 
 
  
1
3
4
 
Appendix 1d.   Worth County Lake sediment data. 
Core ID 
Segment Part 
Top(cm)    
Bottom(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
WC1 0 5 0.40 4.20 3.98 42.0 0.30 1.20 1.00 10.5 10.55 
WC1 5 15 0.35 3.91 3.47 39.1 0.43 1.27 1.18 13.2 11.25 
WC1 15 25 0.24 2.89 2.41 28.9 0.54 1.34 0.97 11.6 12.00 
WC1 25 28 0.23 2.81 2.29 28.1 0.94 1.55 1.39 17.0 12.23 
WC2 0 5 0.52 5.28 5.22 52.8 0.19 1.14 0.87 8.8 10.10 
WC2 5 15 0.48 4.88 4.80 48.8 0.26 1.18 1.08 10.9 10.15 
WC2 15 25 0.44 4.63 4.45 46.3 0.31 1.19 1.15 11.9 10.41 
WC2 25 35 0.48 4.37 4.78 43.7 0.38 1.23 1.47 13.4 9.14 
WC2 35 44.5 0.33 3.71 3.26 37.1 0.57 1.36 1.37 15.6 11.39 
WC3 0 5 0.46 4.75 4.58 47.5 0.21 1.14 0.84 8.7 10.37 
WC3 5 15 0.38 3.63 3.79 36.3 0.33 1.21 1.04 9.9 9.58 
WC3 15 21.5 0.17 2.20 1.71 22.0 1.17 1.72 1.17 15.0 12.84 
WC4 0 5 0.50 5.02 5.04 50.2 0.19 1.15 0.83 8.3 9.97 
WC4 5 15 0.42 4.46 4.16 44.6 0.28 1.18 0.98 10.5 10.71 
WC4 15 25 0.23 2.31 2.31 23.1 0.55 1.34 0.96 9.5 9.97 
  
1
3
5
 
Core ID 
Segment Part 
Top(cm)    
Bottom(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
WC4 25 31 0.12 1.57 1.24 15.7 1.14 1.71 0.83 10.4 12.60 
WC5 0 5 0.35 3.69 3.46 36.9 0.29 1.19 0.83 8.8 10.66 
WC5 5 14.5 0.11 1.46 1.10 14.6 1.21 1.75 0.76 10.1 13.31 
WC6 0 5 0.41 4.39 4.12 43.9 0.25 1.18 0.88 9.4 10.64 
WC6 5 15 0.39 4.37 3.95 43.7 0.41 1.25 1.29 14.3 11.07 
WC6 15 22 0.16 2.06 1.64 20.6 1.05 1.64 1.05 13.1 12.50 
WC7 0 6 0.45 4.15 4.53 41.5 0.27 1.18 1.03 9.4 9.17 
WC7 6 10.5 0.26 2.38 2.55 23.8 0.58 1.36 1.09 10.2 9.31 
WC8 0 5 0.45 4.38 4.48 43.8 0.33 1.20 1.21 11.8 9.77 
WC8 5 12.5 0.23 2.57 2.33 25.7 0.82 1.48 1.29 14.2 11.02 
WC9 0 5 0.39 4.43 3.88 44.3 0.36 1.24 1.14 13.0 11.40 
WC9 5 11.5 0.32 4.35 3.22 43.5 0.70 1.43 1.59 21.4 13.50 
WC10 0 5 0.53 5.77 5.33 57.7 0.35 1.23 1.51 16.3 10.83 
WC10 5 14 0.33 4.08 3.30 40.8 0.81 1.48 1.81 22.3 12.35 
WC11 0 5 0.42 4.23 4.25 42.3 0.33 1.22 1.15 11.5 9.96 
  
1
3
6
 
Core ID 
Segment Part 
Top(cm)    
Bottom(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
WC11 5 15 0.41 4.14 4.09 41.4 0.43 1.25 1.40 14.2 10.12 
WC11 15 25 0.42 4.13 4.20 41.3 0.44 1.28 1.45 14.3 9.84 
WC11 25 35 0.41 3.90 4.07 39.0 0.54 1.33 1.65 15.8 9.58 
WC11 35 40 0.39 4.15 3.85 41.5 0.47 1.28 1.43 15.4 10.78 
WC12 0 5 0.14 1.59 1.38 15.9 1.17 1.73 0.93 10.7 11.53 
WC13 0 5 0.51 4.99 5.08 49.9 0.25 1.17 1.09 10.7 9.81 
WC13 5 15 0.34 3.53 3.36 35.3 0.63 1.38 1.53 16.1 10.48 
WC14 0 5 0.57 5.39 5.68 53.9 0.19 1.13 0.95 9.0 9.47 
WC14 5 15 0.50 4.91 4.95 49.1 0.29 1.17 1.21 12.0 9.91 
WC14 15 25 0.15 1.67 1.47 16.7 0.82 1.50 0.80 9.1 11.31 
WC15 0 5 0.57 5.36 5.74 53.6 0.22 1.15 1.10 10.3 9.32 
WC15 5 15 0.54 4.87 5.42 48.7 0.29 1.17 1.36 12.2 8.98 
WC15 15 25 0.56 5.02 5.65 50.2 0.31 1.17 1.49 13.3 8.88 
WC15 25 35 0.46 4.65 4.60 46.5 0.33 1.19 1.28 13.0 10.12 
WC16 0 5 0.56 5.15 5.64 51.5 0.21 1.15 1.01 9.2 9.13 
  
1
3
7
 
Core ID 
Segment Part 
Top(cm)    
Bottom(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
WC16 5 15 0.49 4.98 4.94 49.8 0.27 1.17 1.15 11.6 10.07 
WC16 15 26 0.28 3.13 2.84 31.3 0.61 1.37 1.27 14.0 11.00 
WC17 0 5 0.59 5.38 5.92 53.8 0.19 1.13 1.01 9.2 9.09 
WC17 5 15 0.48 4.64 4.79 46.4 0.31 1.18 1.25 12.1 9.67 
WC17 15 21 0.38 4.11 3.77 41.1 0.50 1.29 1.47 16.0 10.88 
WC18 0 5 0.59 5.32 5.88 53.2 0.20 1.12 1.04 9.4 9.05 
WC18 5 15 0.50 4.73 5.03 47.3 0.28 1.17 1.19 11.2 9.39 
WC18 15 25 0.30 3.03 3.03 30.3 0.47 1.28 1.10 11.0 10.01 
WC19 0 5 0.37 3.78 3.72 37.8 0.30 1.19 0.93 9.4 10.14 
WC19 5 15 0.30 3.15 3.03 31.5 0.47 1.29 1.10 11.4 10.38 
WC19 15 25 0.39 3.76 3.90 37.6 0.41 1.24 1.28 12.4 9.65 
WC19 25 35 0.41 4.00 4.06 40.0 0.42 1.24 1.37 13.5 9.84 
WC19 35 40.5 0.40 3.79 3.99 37.9 0.46 1.26 1.44 13.7 9.50 
WC20 0 5 0.30 2.90 3.03 29.0 0.47 1.30 1.09 10.4 9.56 
WC20 5 15 0.35 3.79 3.48 37.9 0.64 1.38 1.62 17.6 10.88 
  
1
3
8
 
Core ID 
Segment Part 
Top(cm)    
Bottom(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
WC20 15 19 0.15 1.54 1.48 15.4 1.20 1.56 1.15 11.9 10.34 
WC21 0 5 0.60 5.59 6.02 55.9 0.22 1.15 1.13 10.5 9.29 
WC21 5 13 0.46 5.39 4.62 53.9 0.59 1.33 2.03 23.7 11.65 
WC22 0 5 0.48 4.47 4.84 44.7 0.25 1.17 1.03 9.5 9.22 
WC22 5 15 0.40 3.86 4.04 38.6 0.34 1.22 1.13 10.8 9.53 
WC22 15 23.5 0.14 1.64 1.37 16.4 0.58 1.38 0.57 6.9 12.01 
WC23A 0 5 0.65 5.83 6.50 58.3 0.17 1.11 0.97 8.7 8.96 
WC23A 5 15 0.59 5.12 5.85 51.2 0.25 1.15 1.27 11.1 8.74 
WC23A 15 25 0.56 5.03 5.56 50.3 0.28 1.16 1.33 12.0 9.04 
WC23A 25 35 0.56 4.94 5.57 49.4 0.32 1.19 1.51 13.4 8.86 
WC23A 35 45 0.58 5.10 5.80 51.0 0.35 1.19 1.72 15.1 8.79 
WC23B 0 5 0.64 5.58 6.42 55.8 0.18 1.12 1.04 9.0 8.70 
WC23B 5 15 0.58 5.12 5.81 51.2 0.26 1.16 1.28 11.3 8.81 
WC23B 15 25 0.56 5.04 5.62 50.4 0.29 1.15 1.39 12.5 8.96 
WC23B 25 35 0.56 5.04 5.60 50.4 0.32 1.17 1.54 13.8 8.99 
  
1
3
9
 
Core ID 
Segment Part 
Top(cm)    
Bottom(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
WC23B 35 43.5 0.58 5.19 5.81 51.9 0.36 1.21 1.75 15.6 8.93 
WC23C 0 5 0.68 5.84 6.83 58.4 0.15 1.11 0.94 8.1 8.54 
WC23C 5 15 0.59 5.21 5.89 52.1 0.25 1.15 1.27 11.2 8.83 
WC23C 15 25 0.55 4.94 5.54 49.4 0.27 1.11 1.37 12.2 8.90 
WC23C 25 35 0.55 4.95 5.46 49.5 0.32 1.18 1.49 13.5 9.06 
WC23C 35 45 0.58 5.02 5.77 50.2 0.36 1.21 1.72 15.0 8.70 
WC24 0 5 0.34 3.80 3.41 38.0 0.43 1.26 1.16 12.9 11.12 
WC24 5 15 0.41 4.87 4.06 48.7 0.38 1.23 1.26 15.1 12.01 
WC24 15 20.5 0.23 3.56 2.27 35.6 0.47 1.29 0.83 13.1 15.71 
WC25 0 5 0.46 4.78 4.56 47.8 0.21 1.14 0.83 8.7 10.48 
WC25 5 15 0.47 4.49 4.69 44.9 0.29 1.17 1.14 10.9 9.58 
WC25 15 25 0.16 2.30 1.64 23.0 0.61 1.38 0.72 10.1 14.03 
WC25 
  
0.08 1.53 0.76 15.3 
     
WC26 0 5 0.56 5.00 5.55 50.0 0.20 1.14 0.97 8.7 8.99 
WC26 5 15 0.46 4.51 4.60 45.1 0.28 1.18 1.10 10.8 9.80 
  
1
4
0
 
Core ID 
Segment Part 
Top(cm)    
Bottom(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
WC26 15 25 0.43 4.05 4.31 40.5 0.32 1.21 1.13 10.6 9.38 
WC26 25 34 0.12 1.18 1.16 11.8 1.03 1.65 0.72 7.4 10.16 
WC27 0 5 0.48 4.51 4.81 45.1 0.26 1.18 1.07 10.0 9.37 
WC27 5 15 0.38 4.28 3.80 42.8 0.35 1.22 1.09 12.3 11.25 
WC27 15 25 0.23 2.80 2.32 28.0 0.73 1.44 1.18 14.2 12.04 
WC28 0 5 0.48 4.42 4.82 44.2 0.22 1.15 0.93 8.5 9.17 
WC28 5 15 0.44 3.95 4.37 39.5 0.32 1.19 1.18 10.7 9.04 
WC28 15 25 0.16 1.58 1.62 15.8 0.77 1.48 0.85 8.2 9.74 
WC29 0 5 0.34 3.66 3.37 36.6 0.33 1.21 0.91 9.9 10.86 
WC29 5 15 0.22 2.17 2.25 21.7 0.71 1.44 1.11 10.7 9.66 
WC29 15 19.5 0.05 0.82 0.51 8.2 1.32 1.82 0.37 5.9 16.04 
WC30 0 5 0.55 4.98 5.47 49.8 0.20 1.16 0.95 8.6 9.11 
WC30 5 15 0.47 4.36 4.67 43.6 0.30 1.17 1.20 11.2 9.33 
WC30 15 25 0.49 4.51 4.94 45.1 0.33 1.20 1.37 12.5 9.13 
WC30 25 35 0.36 3.38 3.62 33.8 0.45 1.27 1.28 11.9 9.34 
  
1
4
1
 
Core ID 
Segment Part 
Top(cm)    
Bottom(cm) 
Avg % Dry Wt. 
N             C 
Dry Wt. (g/kg) 
N              C 
Bulk Density 
(g/cm
3
) 
DBD        WBD 
Wet Wt. (g/kg) 
N               C 
OC/N 
            
WC30 35 45 0.32 2.86 3.17 28.6 0.56 1.36 1.31 11.8 9.01 
WC30 45 48 0.29 2.60 2.93 26.0 0.61 1.36 1.32 11.7 8.86 
WC31 0 5 0.52 4.70 5.25 47.0 0.22 1.15 1.02 9.1 8.95 
WC31 5 15 0.45 4.35 4.47 43.5 0.31 1.19 1.17 11.4 9.73 
WC31 15 25 0.42 4.14 4.24 41.4 0.35 1.22 1.20 11.7 9.76 
WC31 25 34 0.20 2.13 2.05 21.3 0.66 1.39 0.97 10.0 10.40 
WC32 0 5 0.39 4.08 3.91 40.8 0.36 1.23 1.13 11.8 10.42 
WC32 5 15 0.50 4.81 5.02 48.1 0.38 1.24 1.54 14.7 9.58 
WC32 15 25 0.41 3.90 4.09 39.0 0.46 1.28 1.48 14.1 9.55 
WC32 25 27.5 0.29 3.07 2.93 30.7 0.62 1.37 1.32 13.8 10.45 
WC34 0 5 0.29 3.16 2.93 31.6 0.53 1.34 1.16 12.5 10.76 
WC34 5 15 0.36 3.69 3.63 36.9 0.53 1.33 1.46 14.8 10.16 
WC34 15 25 0.44 4.30 4.38 43.0 0.43 1.26 1.49 14.6 9.81 
WC34 25 35 0.28 3.12 2.76 31.2 0.65 1.39 1.29 14.6 11.28 
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Appendix 2.  Comparisons of studies involving sediment organic carbon. 
 
(Above)  Sediment OC concentration comparisons from 3 previous studies as well as the 
current one.  *[Min.—Max.] in top 5 cm. of 3 study lakes.  **[Min.—Median—Max] of 
40 lakes in study.  ***[Min.—Median—Max.] of top 5 cm. layer from all 4 reservoirs. 
 
 
 
 
Sampling densities of 2 seminal sediment OC studies compared to the current study. 
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Appendix 3.  Core sample site locations (n = 136). 
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Appendix 4.  Explanation of calculations. 
 
Weighted Core Mean (WCM)--  WCMs are calculated using the segment length 
divided by total core length as the weighting factor.  This weighting factor is multiplied 
by OC or N concentration to get the weighted calculation for each segment in the core.  
These weighted calculations are then added together to obtain the WCM for a particular 
core. 
Weighted Segment Mean (WSM)--  The WSM is calculated by taking all values at a 
particular segment depth and multiplying the OC or N concentration for each sample by a 
weighting factor, which is the length of the segment.  The lengths of all the segments are 
added together.  For each sample’s segment, the value of OC or N is multiplied by the 
length of the given segment in that core, divided by the length of the addition of the given 
segment for all cores.  Each of the sample’s weighted calculations is added together to 
arrive at an average value for all segments, the WSM. 
 
Weighted-Weighted Mean (WWM)--  The WWM is obtained by using weighted core 
mean (WCM) data.  The WCM data is the average OC or N value for any given core.  
The weighting factor in this case is the individual core length divided by the total 
sediment length for the combined cores.  For each individual core, the OC or N value is 
multiplied by its weighting factor.  The weighted calculations are then added up to yield a 
single WWM value for each impoundment. 
 
Triple-Weighted Mean (TWM)--  The TWM is calculated using WWM data.  The 
WWM value for each impoundment is multiplied by the proportion of that 
impoundment’s total sediment core length (the sum of all the core lengths), divided by 
the length of the summation of all the cores from all the lakes.  Do this for all lakes and 
add up all of the products; this is your TWM. 
 
Percent Error--  The Percent Error formula is as follows: 
 
 
Where ―x‖ is the estimated value, and ―y‖ is the actual value. 
 
Precision Equation (Near-Spatial Variablilty Analysis)— In the context of the nested 
ANOVA performed in SAS for the near-spatial variability analysis, the equation yielding 
percent precision values is as follows: 
 
 
 
Where  is the variance of the segments and  is the variance of the cores. 
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Stratified Sampling (Optimum Allocation)--  The following equation was used to 
conduct a stratified sampling design for each of the 4 study reservoirs, and is an optimum 
allocation design (Thompson, 1992): 
 
 
 
Where  is the sample size for stratum h, n is total sample size,  is the population size 
for stratum h,  is the standard deviation for stratum h,  is the population size for 
stratum i, and  is the standard deviation for stratum i. 
 
Simple Random Sampling (without replacement) Calculations--  The following 
equation was used to calculate sample sizes for estimating a population mean. 
 
A) SRS--Using Relative Precision: 
 
 
 
Where r is relative error (the difference between the estimate and the actual value divided 
by the actual value), n is the number of samples required to achieve the relative error, μ is 
the population mean (estimate), z is the upper α/2 point of the standard normal 
distribution,  is the estimate of the population-wide (entire reservoir) variance, and N 
is the total number of available sample units in the target population (Thompson, 1992; 
communications with Joshua Millspaugh and Robert Gitzen, University of Missouri).  
Alpha was set at 0.05 for these calculations, and it was assumed that there are infinite N, 
so N was set at a very large number (N = 10,000,000). 
 
B)  SRS—Using Absolute Precision 
 
 
 
Where d is the maximum allowable difference (absolute precision) between the estimate 
and the true value, considering probability α = 0.05 that error may be greater than this 
difference (Thompson, 1992).  The remaining variables in this equation have the same 
definitions as defined for relative precision above. 
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Appendix 5.  Sampling equipment specialized for this project
 
(Pictured Above)  Stopper installer developed to insert stopper into core tube while corer 
was still submerged underwater.  Doing so prevented the vacuum seal (which helps keep 
the sediment in the core tube) from being broken, resulting in total, or at least partial loss 
of the core. 
(Pictured Below).  Black rubber stopper can be seen pictured with magnetic insert which 
holds it in place while in the stopper installer and submerged underwater. 
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Appendix 6.  Universal Kriging prediction errors from ArcGIS 9.3.1 analysis. 
 
Sediment 
Variable 
Reservoir Mean 
Prediction 
Error 
Root-Mean 
Squared 
Prediction 
Error 
Average 
Standard 
Error 
Standardized 
Mean 
Prediction 
Error 
Standardized 
Root-Mean 
Squared 
Prediction 
Errors 
Organic 
Carbon 
Fayette 0.007226 1.563 1.642 0.005079 0.9818 
Jamesport 1.207 11.89 11.92 0.04891 0.9778 
Lick Creek 0.09164 8,.58 8.456 0.007662 0.9914 
Worth 0.2983 8.966 9.142 0.03069 0.9829 
Nitrogen Fayette 0.002437 0.2671 0.2825 0.005097 0.9591 
Jamesport 0.1081 1.285 1.262 0.04129 1.002 
Lick Creek 0.007477 0.9133 0.9858 0.0003703 0.9114 
Worth 0.04329 1.083 1.115 0.03644 0.9741 
OC/N Fayette -0.01969 1.096 1.106 -0.01527 0.9911 
Jamesport -0.007312 0.7452 0.6773 -0.01263 1.09 
Lick Creek -0.07214 1.052 0.9528 -0.05318 1.076 
Worth -0.01813 0.772 0.7532 -0.02164 1.028 
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Appendix 7a.  Fayette Lake surficial sediment OC concentrations at sample 
point locations.
 
Note:  Proportional dot symbols classified by 5 natural breaks (Jenks’ Optimization). 
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Appendix 7b.  Jamesport Lake surficial sediment OC concentrations at 
sample point locations. 
 
Note:  Proportional dot symbols classified by 5 natural breaks (Jenks’ Optimization). 
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Appendix 7c.  Lick Creek Lake surficial sediment OC concentrations at 
sample point locations. 
 
Note:  Proportional dot symbols classified by 5 natural breaks (Jenks’ Optimization). 
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Appendix 7d.  Worth County Lake surficial sediment OC concentrations at 
sample point locations. 
 
Note:  Proportional dot symbols classified by 5 natural breaks (Jenks’ Optimization). 
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Appendix 8.  Simple Random Sampling--absolute precision for various 
sample sizes (total core, combined lake data). 
 
 
Note:  The simple random sampling equation with absolute precision as an input for 
calculating number of samples for estimating population mean was used (Appendix 4).  
Total core data from the combination of all lakes (TWM; Appendix 4) was used to 
calculate overall OC and N mean values for the 4 reservoir set.  Part A is for OC:  TWM 
= 30.1 g OC per kg dry sed.; part B is for N:  TWM = 3.02 g N per kg dry sediment.  α = 
0.05.  
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Appendix 9.  List of Abbreviations 
 
OC……………..Organic Carbon 
N……………….Nitrogen 
Gt………………Gigatons 
C/N; OC/N……..Organic Carbon/Nitrogen 
DBD……………Dry Bulk Density 
K-B…………….Kajak-Brinkhurst 
SAR……………Sediment Accumulation Rate 
SRS…………….Simple Random Sampling 
WCM…………..Weighted Core Mean (Appendix 4) 
WSM…………..Weighted Segment Mean (Appendix 4) 
WWM…………Weighted Weighted Mean (Appendix 4) 
TWM…………..Triple Weighted Mean (Appendix 4) 
P……………….Phosphorus (water column) 
TSS…………….Total Suspended Solids (water column) 
VSS……………Volatile Suspended Solids 
NVSS………….Non-Volatile Suspended Solids 
CA:LA…………Catchment Area : Lake Area 
CA:LV…………Catchment Area : Lake Volume 
 
